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Chapter 1 


INTRODUCTION 


This report presents the work performed from August 15, 1977 through 
May 31, 1978 under the funding of National Aeronautics and Space Administra- 
tion Grant NSG 2145. 

This project is a follow-up of research performed at Kansas University 
from May 16, 1976 through July 31, 1977. Both projects were aimed at enhan- 
cing the usability of the General Aviation Synthesis Program (GASP) . The 
GASP program is an assembly of computerized design methods to aid in the 
preliminary design phase of, specifically, general aviation airplanes. 

The proposal for this project stated the program objectives as follows 
(Reference 1.1): 

1) To determine those stability and control characteristics 
which are critical to the preliminary design process. 

2) To evaluate stability and control analysis methods currently 
available to determine those methods most appropriate for the 
preliminary design functions which GASP performs. 

3) To determine how the methods of 1) may be used to provide the 
proper constraints and/or analysis functions for GASP. 

4) To develop the appropriate subroutines for the methods of 3) 
and how they may be appended into GASP. 

More specifically, attention will be given to the determination of the 
following stability and control characteristics in the preliminary design 
process: 
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1) Static Longitudinal Stability 

1.1 Static Margin dC^/dC^ 

1.2 Static Stability C M 

1 a 

1.3 Neutral point for stick free as well as stick fixed case. 

2) Static Directional Stability , including propeller effects. 

3) Engine-Out Control 

Analyze configuration for minimum control speed, V u _, from 

Ml. 

single degree of freedom as well as three degree of freedom 
point of view. 

4) Rotation Velocity, 

5) Dynamic Longitudinal Stability 

Determine for stick fixed case: 

5.1 Short period damping. 

5.2 Short period undamped natural frequency. 

5.3 Phugoid damping. 

5.4 Phugoid undamped natural frequency. 

6) Lateral-Directional Dynamic Stability 

Determine characteristics of: 

6.1 Spiral mode. 

6.2 Dutch roll mode. 

7) Trim at Low Speed a id forward CG 

A trim routine will be incorporated. 

The approach taken to comply with above objectives was to develop separate 

computer subroutines which can be added as a package to GASP. Also these sub- 

routines can be used as a separate subprogram to compute the Dynamic Longitudinal, 
Lateral-Directional Stability characteristics for a given airplane. 
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Details of the program as well as of the project organization and 


financial status are presented in Chapter 2. 


REFERENCES : 

1.1 Roskam, J. et al., "A Study of Commuter Airplane Design Optimization," 
Continuation proposal to NASA Ames Research Center, July, 1977. 
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CHAPTER 2 


GENERAL INFORMATION 


This chapter will describe briefly the management of the project as well 
as the financial and research status. Also it will outline some of the 
peculiarities and limitations of the compute . programs . 

2.1 PROJECT MANAGEMENT 

Figure 2.1 shows a proposed time schedule. The actual time schedule 
followed closely the proposed schedule up until February 1978. After that 
time considerable time was spent on developing subroutines for the computa- 
tion of stability and control derivatives. 

From August 1977 until February 1978 one graduate and one undergraduate 
research assistant were on the payroll. From February 1978 until May 1978 
two more undergraduate research assistants joined in the effort. During 
the month of May support was received from one additional graduate research 
assistant. 

2.2 RESEARCH STATUS 

As of the writing of this report all of the computer subroutines that 
needed to be developed in order to meet the objectives outlines in Chapter 1 
were finished. 

In January 1978 word was received of the Computer Center of Kansas Univ- 
ersity that the transliteration process, started during the previous project 
at K.U., of the K.U. version of GASP finally was finished. Test runs for two 
airplanes, one a single engine propeller airplane and the other a twin engine 
jet airplane, were done and proved satisfactorily. 

Use was made of several existing subroutines developed by K.U.-F.R.L. 
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They are documented in References 2.1 and 2.2. 

All subroutines have been tested out separately, a test of the complete 
program has not yet been done. Chapter 13 features a list of all the sub- 
routines developed. 

2.3 FINANCIAL STATUS 

The budget for project 3130 is presented in Table 2.1. A complete 
breakdown of expenses through May 31, 1978 was not possible; however, an 
estimation, at the time of this report, of the balance of funds for NASA 
Grant NSG 2145 revealed an estimated deficit of $1500.00. This deficit is 
mainly due to an unforeseen increase in the salary expenditures for the 
month of May 1978. 


2.4 REMARKS CONCERNING COMPUTER ROUTINES 

The computer routines are based on a mixture of existing methods. Ex- 
tensive use was made of empirical data. Care was taken to ensure that the 
data are applicable to the range of general aviation aircraft considered 
in this research i.e., ranging from the Cessna 150 type of aircraft to the 
Lear jet type of aircraft. Generally the Mach number range of the methods 
involved is from M * 0.0 up to M * .99 unless otherwise indicated. Sweep- 
angles of the wing quarter-chord range from small negative values up to 35° 
sweep-back. The aspect ratio range goes up to ® ■ 14 in general, again unless 
otherwise indicated. If data within these limits were not sufficient then 
extrapolations or data from other sources were added. 

Data for graphs were Implemented either one of two ways. Use was made of: 
. Curve fitting techniques. An HP-65 calculator with standard 
routines was used for this. 

. A routine "RDP,” was developed that interpolates between curves 
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TABLE 2.1: PROPOSED BUDGET 

September 1, 1977 - May 31, 1978 


Direct Costs: 

Salaries and Wages 

Principal Investigator (Roskam) 
5t for 8.5 months, Academic 
100% for I month. Summer 

Research Assistants 
1 Graduate 
75t for 8.5 months 
lOOt for 0.5 month 

1 Undergraduate 
50t for 8.5 months 
lOOt for 0.5 month 

Secretary 
1 month 

Total Salaries and Wages 

Fringe Benefits: 

17t Faculty and Staff 
7t Sutdent 

Other Direct Costs 
Computer Cost 

Travel to NASA and Meetings 
Supplies and Reproduction 
Telephone 

Total Direct Costs 

indirect Costs: 

54.92t fo Salaries & Wages 

TOTAL PROPOSED COSTS 


Salary Schedule: 

J. Roskam 
Grad. Asst. 
Undergrad. Asst. 
Secretary 


NASA 

KU 

TOTAL 

745 

744 

1,490 

1,754 

" 

1,754 

6,375 


6,375 

475 


475 

3,188 

_ 

3.188 

350 


350 

500 


500 

13,387 

745 

14,132 

510 

127 

637 

727 

Mb 

727 

1,500 


1,500 

800 

- 

800 

500 

- 

500 

200 

- 

200 

17,624 

872 

18.496 

7,352 

409 

7,761 

$24 ,976 

$1,281 

$26,257 


$ 1,754/mo. 

950/mo. (750 for 75t) 
700/mo. 

500/mo . 
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and graphs. Points on a curve are input as data in the subroutine 
whereupon Function "RDP" the correct iteration performs. See 
Appendix B for a description of "RDP.” 

The computations for the stability and control derivatives in Chapter 11 
are in the airplane stability axis system. 


2.5 REFERENCES 


2.1 Wyatt, R.D. et al. A Study of Commuter Airplane Design Optimization 

Third Status Report. KU-FRL 313-4 Aug. 1977. 

2.2 Postay, M. A computer Program for Determining Open and Closed Loop 

Dynamic Stability Characteristics of Airplanes and Control Systems. 
KU, May 1973. 
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CHAPTER 3 


TRIM 


3.1 INTRODUCTION 

This subroutine calculates stabilizer angle of Incidence, elevator 
deflection and lift coefficient of the horizontal tail needed for moment 
equilibrium in cruise. The program distinguishes two cases: one in 

which there is a fixed stabilizer with an elevator and one in which 
there is an adjustable stabilizer with an elevator. In the first case 
the airplane is trimmed with the elevator; in the second case, with the 
stabilizer while elevator deflection is zero. The resulting stick 
force is not calculated. 


3.2 TRIM EQUATIONS 

There are two unknowns to be calculated: angle of attack and 

either elevator deflection or stabilizer incidence. Therefore, two 
equations are needed: the lift equation and the pitching moment 

equation. From Reference 3.1.. these are found to be: 


mg cos Y - (C + C_ a + C. L, + C. 6.) q S 
L 0 L o L i H ni L 5 e E 


0 


- Sl + °M * + % *H + 
0 a ^ 



(3.1) 

(3.2) 


Since the airplane is considered to be in level flight, the flight 
path angle is either zero or very shallow, so cos y ■ 1. The zero 
on the left hand side of Equation (3.2) represents the moment equilib- 
rium condition. 

All possible power effects are assumed to be included in the above 
equations. These effects are calculated in the subroutine POWER (see 
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Chapter 5) and can be added to the stability derivatives as determined 
by the shape of the airplane. 

The above equations can also be written in matrix form. For the 
case in which the airplane is trimmed with the elevator, they become: 


\ i C L. 

r — 

Si I \ 

a | <5 


E -» 




(3.'V 


in which: 



m 

qS 


(3.4) 


The value of i^ is fixed, e.g. at a value which yields minimum trim 
drag in cruise. 

If the airplane is trimmed with i , the matrix form of Equations 

H 

(3.1) and (3.2) becomes: 







(3.5) 


The value of will be taken as zero because it is not necessary 
to have two deflections at a time for moment trim (for force trim, 
i.e. zero stick force, it is different). This means that the right 
hand side of Equation (3.5) is reduced to: 

(3.6) 

The solution of the matrix equations (3.3) and (3.5) can be written 
as follows: 
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(3.7) 


IxRaJ 1 ^ 

If Che airplane is elevator trimmed, the solution becomes: 



C M V 

o 5 


In the case of trim with stabilizer 
with the reduced right hand side of 



incidence, the solution becomes. 
Equation (3.5): 



Once the airplane is trimmed, the horizontal tail load can be 
calculated according to: 



c l (o + Si ■ e + t eV 


(3.10) 


It is assumed that the horizontal tail is equipped with a symmetrical 
airfoil. Power effects are assumed to be included in and in e. 

Checks will have to be made on limits of control surface deflec- 
tions and on the maximum lift coefficient of the horizontal tail. 
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If one or more of Che calculated values fall outside the limits, 
appropriate action must be taken. 

3.3 PROGRAM DESCRIPTION 

Subroutine TRIM calculates values of i u , 6_ and C. according to 

HE L h 

the equations described in the previous section. To let the computer 
know which case it has to consider, there is a control parameter KCONT. 
For KCONT * 10 the airplane is trimmed with the elevator, and for 
KCONT * 12 the airplane is trimmed with stabilizer incidence. 

'o make the program as efficient as possible, the dummy variables 
PEA, CUE, ARE and ESS are used. Values of these variables depend 
on the value of KCONT. They are put into a matrix equation; the 
solution vector of this equation consists of a and another dummy 
variable, CS. This one is either i^ or 5^, depending on the value 
of KCONT. The program flowchart, given in Figure 3.1, shows how 
this all works out. 

The program listing and a sample output are shown in Figure 3.2. 
The sample output can be compared to the results of the hand calcu- 
lation in the next section. A list of variables used in the program 
is given in Table 3.1. 

3.4 HAND CALCULATION 

A hand calculation has been done for Airplane A, for which data 
are presented in Appendix C . Since this airplane is trimmed with 
stabilizer incidence, Equation (3.9) is used to calculate a and i^ 
while $_ ■ 0. The cruise condition for this airplane is a flight 
at an altitude of 45,000 ft with a cruise Mach number of 0.83. 

The results of Equation (3.9) are: 
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a *1.69 deg 


i H - 0.37 deg 

This can be used as input for Equation (3.10), of which the result is: 
C T - -0.1197. 

Compared to the actual horizontal tail load of this airplane in cruise, 

the result is accurate within 4 percent. 

The computer generated a value of: 

C. « -0.1197. 

hi 


TABLE 3.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE TRIM 
NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ALPHA 

a 

rad 


Dummy 

ARE 

R 

— 

— 


CLAH 

c L 

rad -1 

Common 



°H 




CLALP 

c L 

rad~* 

Common 



a 




CLDE 

\ 

rad -1 

Common 


CLHMAX 

\ 

max 

— 

Common 


CLHMIN 

\u 

— 

Common 


CLHT 

\ 

— 

— 


CLIH 

\ 

.-1 

rad 

Common 
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TABLE 3.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE "TRIM" 

(continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


CLO 

% 


CL1 


-1 

CMALP 

C M 

a 

rad 

-1 

CMDE 

\ 

rad 

-1 

CMIH 

\ 

rad 

CMO 

\ 

— 

CS 

— 

rad 

CUE 

Q 

— 

DAODE 

3 a/35_ 
£ 

-1 

DCLAHP 

ac l 

% 

rad x 
-1 

DCLALP 

ac l 

°p 

rad 

•1 

DCLDEP 

% 

rad 

-1 

DCLIHP 

% 

rad 

DCLOP 

ac l 

°p 

-1 

DCMALP 

ac m 

°p 

rad 


Common 

Common 

Common 

Common 

Common 

Common 

Dummy 

Dummy 

Common 

Common 

Common 

Common 

Common 

Common 

Common 
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TABLE 3.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE "TRIM" 

(continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


DCMDEP 

% 

,-l 

rad 

-1 

Common 


DCMIHP 

X 

rad 

Common 


DCMOP 

% 

— 

Common 


DEDEG 

6 e 

deg 

— 


DELTEL 

6 e 

rad 

— 


DELTMA 

5 e 

max 

rad 

Common 


DELTMI 

6 e 

min 

rad 

Common 


EPS 

e 

rad 

Common 


ESS 

S 

— 

— 

Dummy 

EYEDEG 

Si 

deg 

— 


EYEH 

Si 

rad 

— 


EYEHMA 

i H 

max 

rad 

Common 


EYEHMI 

Si 

min 

rad 

Common 


PEA 

P 

— 

— 

Dummy 

RAD 

— 

— 

— 

Conversion 

Factor 
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CC15C***** SUBROUTINE TRIM (EYEH,DELTEL,CLHT) ***** 
QG20C***** ***** 
CC30C***** THIS SUBROUTINE CALCULATES TRIM ANGLES AND TAIL LOAD ***** 
C040C***** NECESSARY FOR MOMENT EQUILIBRIUM IN CRUISE. ***** 
005CC***** ***** 
0051 DATA CL1,CL0,CLALP,CLIH,CLAH/.265,.06,6.76,.S48,4.068/ 


0052 DATA CLDE,CMO,CMALP,CMIH,CMDE/. 418,. 047,-1 .003,-2.693,-1 .341/ 

005? DATA DCLCP,DCLALP,DCLIHP,DCLAHP,DCLDEP,DCMOP/ .0, .0, .0, .0, .0, .0/ 

0054 DATA OCMALP,DCMIHP,DCMDEP,DADDE, EPS,KCCNT/ .0, .0, .0, .5,-0654,12/ 

0055 DATA EYEHMI,EYEHMA,DELTMI,DELTMA/-. 1414, .0175, -.2618, .2618/ 

0056 DATA CLHMIN,CLHMAX/-1 .5,1 .5/ 

0060 DIMENSION A(2,2),B(2) 

0070 WRITE (6,5) 

0080 5 FORMAT (10X,"KU-FRL DEVELOPED SUBROUTINE FOR CALCULATION*') 

0090 WRITE (6,10) 

0100 10 FORMAT (10X,"0F TRIM ANGLES AND TAIL LOAD IN CRUISE") 

0102 WRITE (6,11) 

0104 11 FORMAT (10X,"TESTRUN LEARJET 26 **///) 

0110 IF (KC0NT.EQ.10) GC TO 15 

0120 IF (KCCNT.EQ.12) GO TO 20 

0120 WRITE (6,12) KCONT 

0140 12 FORMAT (10X,"KC0NT= ",1I2," THIS IS AN ILLEGAL VALUE"//) 


0150 GO TO 80 
0160 15 CONTINUE 

0170C***** ***** 
0180C***** THIS IS THE CASE IN WHICH THERE IS A FIXED STABILIZER ***** 
0190C***** WITH AN ELEVATOR; THERE IS NO TRIM TAB. ***** 
0200C***** THE AIRPLANE IS TRIMMED WITH DELTA E. ***** 
021 OC***** ***** 
0220 EYEHs.O 


PEA=CLDE+DCLDEP 

CUE=CKDE+DCMDEP 

ARE=(CLIH+DCLIHP)*EYEH 

ESS=(CMIH+DCMIHP)*EYEH 

GO TO 25 

CONTINUE 

***** 

THIS IS THE CASE IN WHICH THE AIRPLANE HAS AN ALL- ***** 

MOVING TAIL WITH AN ELEVATOR; THERE IS NO TRIM TAB. ***** 

THE AIRPLANE IS TRIMMED WITH IH WHILE DELTA E IS ZERO. ***** 


DELTEL=.0 

PEA=CLIH+DCLIHP 

CUE=CMIH+DCMIHP 

ARE=.0 

ESS*.0 

CONTINUE 


ORIGINAL iAGEttj 
OF POOR QUALITY 


COMPUTATION OF THE ELEMENTS OF THE ***** 
MATRIX EQUATION FOR TRIM WITH DELTA E OR IH ***** 
AND SOLUTION OF THE EQUATION ***** 


Figure 3.2: Listing of subroutine "TRIM* 1 
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043 C A(1,1)*CLALP+DCLALP 

0440 A(1,2)*PEA 

C450 A ( 2, 1 ) =CMA LP+D CMA LP 

0460 A(2,2)=CUE 

0470 B(1)*CL1-CLO-DCLOP-ARE 

0480 B(2)=-CMC-DCMCP-ESS 

0490 DETER»A(1,1)*A(2,2)-A(1,2)*A(2,1) 

0500 ALPHA=(B(1)*A(2,2)-B(2)*A(1,2))/DETER 

0510 CS*(B(2)*A(1,1)-B(1)*A(2,1))/DETEP 

0520 RAD*57. 29578 

0530 IF (KCONT.EQ.10) GO TO 40 

0540 EYEH=CS 

0550 EYEDEG»EYEH*RAD 

0560 DEDEG=DELTEL*RAD 

0610C***** ***** 

0620C***** CHECK IF IH DOES NOT EXCEED ITS MAXIMUM VALUE ***** 

0630C***** ***** 

0640 IF (EYEH.GE.EYEHMI.AND.EYEH.LE.EYEHMA) GO TO 50 

0650 WRITE (6,35) EYEDE5 

0660 35 FORMAT (10X,"IH* ",1F10.3," DEG; EXCEEDS MAXIMUM VALUE*'//) 

0670 GO TO 80 

0680 40 CONTINUE 

0690 DELTEL=CS 

0692 EYEDEG=EYEH*RAD 

0694 DEDEG=DELTEL*RAD 

07C0C***** ***** 

071 OC***** CHECK IF DELTA E DOES NOT EXCEED ITS MAXIMUM VALUE ***** 
0720C***** ***** 

0730 IF (DELTEL.GE.DELTMJ.AND.DELTEL.LE.DELTMA) GO TO 50 

0740 WRITE (6,45) DEDEG 

0750 45 FORMAT (1CX,**DELTA E= ",1F10.3," DEG; EXCEEDS MAXIMUM VALUE"//) 

0760 GO TO 80 

0770 50 CONTINUE 

0780C***** ***** 


0790C***** CALCULATION OF HORIZONTAL TAIL LIFT COEFFICIENT ***** 
0800C***** AND CHECK IF IT DOES NOT EXCEED ITS MAXIMUM VALUE ***** 
081 OC***** ***** 
0820 CLHT=(CLAH+DCLAHP)*(ALPHA+EYEH-EPS+DADDE*DELTEL) 

0830 IF (CLHT.GE.CLHMIN.AND.CLHT.LE.CLHMAX) GO TO 60 
0840 WRITE (6,55) CLHT 


0850 

55 

FORMAT (10X,"CLH= ",1F10.: 

0860 


GO TO 80 

0870 

60 

CONTINUE 

03800**** 

***** 

089QC***** 

OUTPUT DATA ***** 

09G0C***** 

***** 

0910 


WRITE (6,65) EYEDEG 

0920 

65 

FORMAT (10X,"IH= 

0930 


WRITE (6,70) DEDEG 

0940 

70 

FORMAT (10X, "DELTA E= " 

0950 


WRITE (6,75) CLHT 

0960 

75 

FORMAT (10X,"CLH= 

0970 

80 

WRITE (6,85) 

0980 

85 

FORMAT (10X, "***♦* END OF 

0990 


STOP 

1000 


END 


," EXCEEDS MAXIMUM VALUE"//) 


1F10.5," DEG"//) 

1F10.5," DEG"//) 

1F10.5//) 

SUBROUTINE TRIM *****”///) 


Figure 3.2: continued 
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Figure 3*2: continued 
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CHAPTER 4 


GROUND EFFECT 


4.1 INTRODUCTION 

The method currently used In GASP to compute the ground effect 
Is a simple one from Reference 4.1. This method uses only height 
above ground and aspect ratio as variables. However, References 4.2 
and 4.3 indicate that, among other things, the lift coefficient gen- 
erated by the wing is of great importance in determining the ground 
effect. Several methods for calculation of the ground effect were 
compared, and the method provided by Reference 4.4 was finally chosen 
for its completeness and relative simplicity. 

4.2 DERIVATION OF EQUATIONS 

In this chapter the method of Reference 4.4 will be described. 
Appendix B describes the other methods used in the evaluation. The 
method used in Reference 4.4 is based on a lifting line theory. In 
a situation where the ground is within a wingspan distance from the 
wing, a system of image vortices may be set up to account for the 
effect of ground proximity on the wing. The image vortex system is 
set up such that the boundary condition is met: i.e., the normal 

velocity on the ground plane is zero. Figure 4.1 depicts the situation. 



Bound Vortex 

Traili ng Vortex 


77777WrP7777mtfP777T7777TT777T7TrmmTm77T 
i Ground 



Inage Syscea 


Figure 4.1: Image Vortex Syacea 
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The effects of the image vortex system may be summarized as follows: 

1. The image vortex of the bound vortex induces a velocity 
diatribution in the opposite direction to the free stream 
velocity, thus reducing the lift. Also the camber and 
Incidence of the wing airfoil are increased, thereby 
increasing the lift. 

2. The image vortices of the trailing vortex system induce 
upwash at the wing which may be seen as an increase in 
wing angle of attack. 

The effect of the bound image vortex may be found by applying Helmholtz's 
lav which gives the decrease in speed at the airfoil: 


V. “ 8 w h/c 

From this the increase in angle of attack to maintain 
as: 


(4.1) 
may be found 


Ao ■ 




4ir h/c C. 


(4.2) 


a 

The effective Increase in camber is proportional to AV/V — and the chord 
length inversely proportional to the height. By assuming that the aver- 
age upwash induced by the image trailing vortex is equal to the upwash 
at the mid chord point, the decrease in angle of attack to maintain 


constant may be found as: 


4o * -*25 ^ 2 C h 


64ir (h/c)^ 


(4.3) 


For finite wings the effects described above are less due to the finite 
length of the vortices. A correction factor 8 takes this into account. 
The total effect of the bound image vortex may now be found from: 


4.2 



(4.4) 


a L / L 1 

aa l e 4ir h/c V C. '16 h/c 
8 \ L o g 

where : 

6 - 1 + (2 h eff /b) 2 - 2 h eff /b (4.5) 

The effective height h^^ is as defined in Figure 4.2. 




1 

2h eff' h ac +h TE 

i | M 

h 


AC 

J 

“te 

L_ 
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Figure 4.2: Definition of Effective Height 


) 


The induced upwash due to the images of the trailing vortex may be seen 
as a reduction in angle of attack to maintain constant: 


A2« “ - ao^ 

(4.6) 

where: » C^/n/R 

(4.7) 

a ■ EXP 2.48 (2 h eff / b )* 768 ] 

(4.8) 


Again, o is a correction factor which takes the finite length of the 
vortices into account. A general expression for swept wings of arbi- 
trary aspect ratio is: 

V " ' aC L ( 1/C L ‘ 1,C l } (4 ' 9) 

a « 

The total effect of the ground on the wing lift is as seen in Figure 
4.3. 
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Y \ 



x 

Flgur- 4.3s Tot«l Effect of Grcund- 
Proximity on Wing Lift 

There are several other effects of ground proximity on the lift of the 
complete aircraft, generally of lesser' Importance than the effects de- 
scribed above. They are the following: 

1. The image vortex system induces an upwash at the horizontal 
tailplane, thereby changing the lift. Also ground effect 
causes a shift in the ving center of pressure which causes 

a moment to be counteracted by elevator deflection. Further- 
more, the image vortices of the tailplane Itself causes up- 
wash or downwash. All these effects are not easily calculated 
and of relatively small magnitude and therefore will be dis- 
regarded . 

2. The pressure distribution around the airfoil changes consider- 
ably within ground proximity. The attainable C T usually 

rlAX 

will be decreased, which can have an important Influence on 

if 

4 

V . Again these effects cannot be expressed in a readily 
MU 

usable format. 
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Summarizing, the total effect of the ground proximity on the airplane 

lift may be expressed as: 

» « 

oiR cosA^2 

2cosAy2 + A 2 +(2cosAjy2) 2 

This expression provides the lift increase at constant angle of attack. 

To account for the effect of flap deflection on height above the 
ground, the following expression was derived (see Figure 4.4): 

The height of the trailing edge is: 

h^ h ac ~ h f (disregarding h c ) (4.11) 

or: »TE S h ac - SIN S f (t)( c ) (4 - 12) 

For the effective height, h^^, It Is seen that: , 

h eff i 2 h ac - SIN { f (t) ( c ) (4 ' 13) 



Figur* 4.4: Definition of Geooecry Pirtsiciri 




4.5 




4.3 DESCRIPTION OF PROGRAM 


A flowchart for the program is shown in Figure 4.5. The program 

essentially only calculates the ground effect factor K. . Elsewhere, 

C LGE 

in the calling routine, this factor is used to calculate the Increase 
(or decrease) in lift for a given angle of attack or to calculate the 
change in angle of attack for a given lift coefficient. Shown in Figure 
4.6 is a listing and a sample output of the program. 

Table 4.1 shows a listing of the computer parameters. Appendix A 
shows a comparison with other methods. 

4.4 HAND CALCULATION 

A hand calculation of subroutine GROUND for Airplane a 
is given in Appendix A. 


TABLE 4.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE GROUND 
NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ALPHA 

a 

deg 

Calling 

Subroutine 


ALPHLO 

a 

o 

deg 

Common 


AR 

SL 

— 

Common 


B 

b 

ft 

Common 


BETAG 

6 

— 

— 

Correction 

Factor 

C3 

c. 

J 

— 

— 

Dummy 

C4 

c 4 

— 

— 

Dummy 

CBARW 

c w 

ft 

Common 


CFOC 

•|/c 

— 

Common 
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TABLE 4.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE GROUND (Continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


CLALPH 

C L 

a 

rad” 1 

Calling 

Subroutine 


CLOGE 

C L 

OGE 

— 


Dummy 

DELCL 

ACl land 

— 

— 

Dummy 

DELCLL 

ACl land 

rad 

Common 


DELCLP 

DELCTO 

\ 

power 

*\.o 

— 

Common 


DELFL 

\ 

rad 

Common 


DELF 

6 f 

deg 

Common 


DLMC4 

A l/4c 

deg 

Common 


DLMC2 

A 1/2c 

deg 

— 

Dummy 

HAC 

h ao 

ft 

Calling 

Subroutine 


HEFF 

— 

— 



KCLGE 

K c 

C LGE 

— 

— 


RELF 

6 f 

rad 

— 

Dummy 

RLMC4 

A 1/4c 

rad 

— 

Dummy 

RLMC2 

A 1/2c 

rad 

— 

Dummy 

SIGMA 

0 

— 

— 

Dummy 

SLM 

X 


Common 
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fig. 4.2 


(4.8) 


(4.10) 


FI gur# 4.5 f Flowchart of iubrout I n* "GROUND" 
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1C flf CTICr KCLCE (I ; LF , C F C C , CIA LFH # ' LFF A , AL PHLC , 

IZ 'tSLCL^ELCL’,! *C> 

,‘C 

4CC THIS SLERCLTINE CALCULATES THE GRCUTiO EFFECT 

5QC FACTCS ACCORDING TO THE TCF2MEEK METHOD 

wCC 

it CCMRCM/WIN6/CLP!C4,AK # SLf 1/ E / CRCLV,CSAFW # r‘,: # CLAVP 

cC REAL KCLGE 

90 IF <ILIFT.Ee.2.CR.lLIFT.EG.5) GOTO 10 

ICO RELF*.C1?A523*0ELF 

lie IF CKAC.LE.C.C1) GC TC 105 

120 HEFF»2.*HAC-SIN(RELF)*CFCC*CEAFW 

1 ro SIGA A«£XP (-2 . 43* CHEF F/i*) ** , 76G ) 

VC EETAG*SCET (1 +(HEFF/E >**?,) -HEFF/8 

15u . RLMC4*.C15'4533*CLKC4 

IcC RLHCZsATAHtSIf <RLf C4}/CCS<RUt4)-«1.-SL^)/(T.*rLM))/Afi) 

1 ?G C;sC.*CCS(RLMC2)+SCRT(4S**2.+(2.*CCS(FLKC2))**2.) 

ICC C4*CETAG/(lt.3664*HAC/CcARW) 

ISO CLC CE*C LALPH* • C 1 745 33>*( ALPH A-A LPHLO) +0 ELCL+D ELCLP 

2CCC 

elec KW THE CR CIT'D EFFECT FACTCR IS CALCULATED 

22CC 

23 C KCLGE=1 .+S I6 V .A-S IGf'A*AR*C( S (RL?*C2) ( C2-C4* C CLCSE-C LALPH/ 

24C ?<1S.*HEFF/CEARW)) 

25C 105 C CHIME 
26C RETURA 

27C EKD 


HAC 

HEFF 

KCLGE 

45.756C 

5C.G6C5 

1.0GC2 

43.4652 

85.4929 

1.GCQ4 

41.1804 

SO. 91 73 

1.CC0S 

32.2926 

76.3417 

1.CC12 

36.6048 

71.7661 

1.CC12 

34.3170 

67.1505 

1.CC25 

32.0252 

62.6149 

1.0024 

29.7414 

58. 0393 

1.GC46 

27.4536 

53.4637 

1.0060 

25.1658 

42.8831 

1.CC79 

22.8780 

44.2125 

1.0102 

20.5902 

39.7369 

1.0132 

IE. 3024 

35.1613 

1.0171 

16.0146 

30.5257 

1.C219 

13.7268 

26.0101 

1.C??2 

11.4350 

21.4345 

1.C362 

9.1512 

16.8329 

1.0463 

6.2634 

12.2233 

1.C551 

4.5756 

7.7077 

1.0761 

3.2273 

3.1321 

1.1422 


ORIGINAL BASE Eb 
OP POOR QUALITY 


FI gum h.$t listing #nd s«ipl« printout 
of subrout I no "GAOUKO" 
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CHAPTER 5 


POWER EFFECTS 


5.1 INTRODUCTION 

This chapter describes the subroutine that calculates the effect 
of power on lift and moment along the T-axi*. The program uses 
formulas and empirical data compiled from several references. The 
current setup only calculates propeller effects. However, the calcu- 
lation of the effect of jet engines Is far more straightforward. 

5.2.1 DERIVATION OF EQUATIONS. EFFECTS ON LIFT 

The effect of power on the aircraft characteristics may be split 
up in two parts: 

• Direct effect due to propeller forces 

* Indirect effect due to propeller slipstream. 

The direct effects are the following (see Figure 5.1): 

1. The propeller normal force adds to the total lift 
force. 

2. The propeller thrust force adds to the total lift 
force. 

The indirect forces are the following (see Figure 5.2): 

3. Due to the slipstream over the wing (increased velocity), 
there will be an increase in wing normal force. 

4. The propeller slipstream will act as a form of boundary 
layer control, thereby influencing the maximum attainable 
lift coefficient. 

5. Due to the increase in velocity ac the tail location, 
there will be a change in tail-lift. 
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6. The downwash at the tail will be influenced 



FI gure 5.1s Direct effect of power 



The total lift coefficient of the airplane may now be expressed 


: T + (AC. ) + (AC. ) + (AC. ) + (AC. ) + (AC. ) + (AC ) 

Srop-off ^ T L NP L Aq w L e 4 - ^ u 

K m h h 


Wing Horizontal Tall 

' * ' ' • 

Propeller Forces Propeller Slipstream Effects 

( 5 . 1 ) 
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5. 2. 1.1 EFFECT OF PROPELLER FORCES 

The definition of the geometric parameters is as given in Figure 

5.3. 



Figure $.3. a: Definition of geometric parameters 
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z 

1 


X 




Figure 5*3*b; Definition of geometric peremeters, tingle engine 
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figure S*3*c: Definition of geometric parameters* multi engine 
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bj/prop = Rp^ - (7 S - Zjy) 1 - Shj/prop 


The contribution of the propeller normal force to the lift is 




Figure 5.*f: Variation of f with (ref 5.1) 
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fl'»t 0.75 radius, deg 


Figure 5.5 1 Propeller side-force coefficient (ref 5-0 



S>et forct factor, Sff 


figure 5.6: Propeller side-force coefficient 

es function of SfF (ref 5.1) 
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The propeller side force factor Is given by: 


SFF - 525 [(b/D) 0 3 + (b/D) 0 6 ] + 270 (b/D) Q 9 (5.4) 

where : 

b/D Is the ratio of blade width to propeller 

diameter and the subscript Is the relative 
radius at which the ratio is measured. 

The local angle of attack of the propeller plane, a^, may be 
obtained from: 


3e 

“p ' °T - I 2 - (a W - V 
a 


(5.5) 


where: 



°w 


a 


0 


is the upwash gradient at the propeller, 
obtained from Figure 5.7. 
is the wing angle of attack: 

+ 

is the zero lift angle of the wing 


The total effect of propeller side force on lift may now be 
calculated as follows: 


(AC.) - N f C. 

L N y * 

P 0 


C , for desired prop 

y «. 


C from Figure 5.5 

y • 

L ♦_ 


K, J/ '(yprop)\ 


(5.6) 

Using HP 65 curve fitting routines, the following approximations 
were found: 


f - 0.652 + 1.183 LN (T + 1.3) 

c 


(5.7) 


oMf 


C , « 0.0138 0 75 + {0.0125 + aooi|2FB 0 75 > (B -2) (5.8) 

♦o'. 
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where : 


6 


0.75 



& 



is the blade angle at 75% of the propeller 
radius (in degrees) 
actual prop 


ref prop 

0 


-2.938 + 0.901 Ln(SFF) 


(5.9) 


. „ V/ 

%£ V * 

T~ - -0.1136(-^-) -0.027 (A- 4) 
o ' C i ' 


(5.10) 





Figure 5.7: Upwash gradient at plane of symmetry for 

unswept wings (ref 5.2) 


5. 2. 1.2 EFFECT OF PROPELLER SLIPSTREAM. INCREASE IN DYNAMIC PRESSURE 

The contribution of power to lift due to change in dynamic pressure 
on the immersed portion of the wing is obtained from the following 
equation from Reference 5 .2 : 
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where : 





is an empirical correlation parameter for 
additional wing lift due to the power ef- 
fects. May be obtained from Figure S.8. 

is the increase in dynamic pressure due to 
propeller slipstream on the immersed portion 
of the wing, as given by Equation 5.12: 


A % S W ( T c /prop) 

* i 


(5.12) 


S^/prop is the portion of the wing immersed in the 
propeller slipstream (per propeller), ob- 
tained from Figure 5.3 with: 


Sj/prop - (b i /prop) C i 

(5.13) 

where : 


bj/prop - 2^ - (Z g - Zy) 2 

(5.14) 

Z. - -X’ (a. - e - t ) + Z, 
S p b u p' T 

(5.15) 


The upwash at the propeller plane is obtained from Equation 
(5.10) and: 


• e u ■ • T 21 - V 

a 

The propeller-induced down wash is given by: 


3e 



The derivative 3e /3a follows from Reference 5.2: 




) 


P 


(5.16) 


(5.17) 


5.10 


(5.18) 



where : 

end follow from Figure 5.9, and 
( c 1 ) follows from section 5.2.1. 

V' 



Figure 5.8i Empirical correlation factor for additional lift 
doe to slipstream (ref 5#2) 


original ia»*» 
op poor quaute 
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Propeller angle of attack Is given by Equation (5.5). Using 
HP 65 curve fitting routines, it may be found for Figure 5.8: 


X 


1 


X 


2 


2.6384 A^' 0312 + (-3.8116 + 4.2237 A t - 1.6186 A 2 ) A + 


+ (0.0418 A*’ 3383 ) k ? 

(5.19) 

l S W (T c /prop) \ 
1.9938 + 1.2194 LN I ■■ ■- ■—; ) 

V •«, / 

(5.20) 


X 2 (X 1 + 3) 
10 


(- 


0.3663 


S W (T c /prop ^ \ 

TT 5 ) 


K, 


+ 0.9191 e 


(5.21) 


(5.22) 


The equation for the propeller induced downwash was found to be: 



0.3732 + 0.1703 LN 


S w (T;/prop) \ | 
8 R P 2 / 


+ 



(5.23) 



0 2 4 6 8 10 12 14 16 18 20 

VTpprop^ 

8R p 2 


Flgura 5.9: Fropalltr Induced downwath (rtf 5.2) 
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5. 2. 1.3 EFFECT OF PROPELLER SLIPSTREAM. PROPELLER DOWNWASH e 

p 

The contribution of power to lift due to change in angle of 
attack as a result of propeller dovnvash , e p , may be obtained irom: 


(ACj) 




(Ao), 


(S^/prop) 


prop off 


"i 

(Ref. 


5.2) 


(5.24) 


inhere: 



S i /prop 

and 

(Aa)_ - 

S i 


is defined by Equation (5.12) 

is defined by Equation (5.13) 
e 

is the change in angle of attack 

1 - (5.25) 

a 


5. 2. 1.4 EFFECT OF POWER ON MAXIMUM LIFT 

So *er the effect of power on lift at discrete angles of attack 
has been calculated. Power also has an effect on maximum attainable 
lift, since the angle of attack at which stall occurs first will be 
increased with power. This depends primarily on the ratio of im- 
mersed wing area to total wing area. Figure 5.10 illustrates the 
effect. 

The increment in maximum lift due to power may be obtained from 
the following empirical equation: 


sc w • <iC - 


(5.26) 


Power 


where : 


<"V> 


Power 


is the increment in tail-off lift 
due to power at power-off maximum 
lift angle of attack. 
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is a correction for immersed wing area 


K 


2 


obtained from Figure 5.11. 



Figure 5*10: Effect of power, on maxi mum lift 



0 .1 .2 .3 .4 .5 .6 

Si 

Sw 


Figure 5.11: Correction factor for maximum lift (raf 5.2) 
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Using a HP 65 curve-fitting routine, it was found for the Factor k: 


K, - 1.1854 - 2.1129 ^ + 7.6104 
2 S W 


By using the foregoing procedures, the tail-off lift character- 
istics of the airplane <_an be calculated. Now the effect of power 
on the tail-plane lift will be calculated. The effect of the change 
in lift of the horizontal tail on the total lift of the airplane is 
small; however, the effect on pitching moment is significant. 


5. 2. 1.5 EFFECT OF POWER INDUCED DOWNWASH ON HORIZONTAL TAIL-LIFT 

The power Induced change in downvash at the tail , (Ae„) , 

H Power 

may be estimated for single engine airplanes by using Figure 5.12 
or for multiengine airplanes by using Figure 5.13. These figures 
are from Reference 5.2. The variables involved are: 

^ e H^p ro p g Propeller-off downwash angle calculated 

in subroutine DOWNWS. 

T^/prop Propeller thrust coefficient. 

S w Wing area. 

Rp Propeller radius . 

Distance from thrust axis to horizontal 
tail (see Figure 5.3). 

By using HP 65 curve-fitting routines, the following approxi- 
mations may be found fromFigures 5.12 and 5.13. The effect of power 
on downwash for single engine airplanes may be calculated with: 
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Figure 5*12; Effect of poer on d o w nm sh for single engine airplanes (ref 5*2) 
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Figure 5. 13: Effect of power on downwash for nultlengine airplanes (ref 5.2) 
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0.0688(e h ) 


X 4 • 0.5376e 


props off + 0 . 4366( - h) 


1.2345 /S w (r/prop)\ 


props off \ 8 R 


/S w (T;/prop)\ 

V 8R 2 ) 


( A€ ) - X 

Power 


- 1.3152 /S w (T'/pro P )\ 2 
M091(O 1,31M ( - c , ) 

n props off \ 8 R i / 

P 

hu /VA 

>.8189-0.0185 ^ - 0.19531 —J 


(5. 


(5. 


For auleiengine airplanes Che follotilng equations can be used: 


X. - -1.0234 + 0.9775(e H ) - 0.1032(e) 2 H 

H prop off prop off 


3.5191 - 0.2409(e H ) + 0.2025(e H ) 2 

prop off prop of 


0.2253 (Eg) /yi'/ prop)' 

0.8738e prop off 1 W C 


]/ S„(T' /prop) 


/ S (T'/prop)\ 


(5. 


X 6 - X 5 (No Flaps) (5. 31. a) OR X fi - 0.5 + 0.889 X $ (Flaps) (5. 

in degrees. 


where: (e^) 


power off 


( 4 £„) 


0.9951 + 0. 0419 0 . 302 /^H 


(5. 


power 

where Che height of the horizontal tail above the thrust 
line, Z„ , is given by the fr* lowing equation, see Figure 

“t 

5. 3. a. 


(5. 


28) 

29) 

)- 

30) 

31. b) 
32) 

32. a) 
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To calculate the effect of power on dynamic pressure ratio at 
the tall, , use can be made of Figure 5.14 (from Reference 5.2). 

9. 

For low values of T' (close to zero), use should be made of the free- 

c 


flight value for the tail. 

S«(T’/prop) 
10.34 4 - 


(\\ 

>.865 l-r^j 

V 0/ 


(5.33) 




n »ff I "eff 

1.0102 - 0.1438 - 0.39041— ^ | J X, 

P 


(5.34) 


The effective height of the propeller slipstream, Z„ , at the 

°eff 


tail, may be calculated as follows (s e Figure 5.3): 

) “(A 

power off “ power 


V„ ■ z s - *’■ K' e u- <e h> r lu t? I -h 


where : 


(5. 34. a) 


Zg is the vertical distance from X - body 
axis to slipstream centerline at 1/4 c^: 


- <«b - £ u - V + Z T 


(5.34.b) 


The change in lift due to above effects may be obtained from 
the following relation: 


-L H(bf) 


( c Vhf>) 


S H* q H /q - -1 


\. 


(Ref. 5.2) (5.35) 


where: 


\ 


over 


ft© 


wer 


4q t 


(5.36) 


prop off 
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is Che life of the Call, referenced 
Co Che call area and a dynamic pressure 


of one. 
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F^ure 5. 1 4 *: Effect of power on the dynamic pressure ratio 

at the tail (ref 5.2) 


<*?&*& 
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The tail lift may be obtained from: 


'n(hf) 


C L S ' ”0.. ) 


(5. 36. a) 


S H- VV l H 


where: 


“H " a b ~ (e H } * Ae n + ^ 

D " power off power H 


(5.36.b) 


The area of the horizontal tail, immersed in the slipstream, 
■ay be calculated as follows (see Figure 5.3): 

Single-engine airplanes : 


\ -( 2 V b n) ! 


’H 


(5.37) 


Multi-engine airplanes: 



n - y t > +V S P 2 - h 


V 


V 2 


eff 



(5.38) 


The total effect of power on lift may now be calculated as 
indicated by Equation (5.1.) 

Now that the effects of power on the lift force of the airplane 
are known, the effects on moment about the Y-axis may be calculated. 


5.2.2 DERIVATION OF EQUATIONS. EFFECT ON PITCHING MOMENT 


The total effect of power on pitching moment may be su-anarized 
as in Equation (5.39): 




Power off 


+ (ACJ +(AO +(AC m ) +(AC m ) +(AO +C, 
^ T ^ NP ^0 - M WL ^ np 


Aq, 


W 


Khf) 

(5.39) 


where : 

<s. f > 

wfn ,, 

power off 


is the power-off, tail-off pitching 
moment obtained elsewhere in the 
program. 
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(AO 


is the pitching moment due to offset 
thrust. 


(4c m> 


<4 V.- 




<v 


WL 


< iC M> 


np 


(AC„) 



is the pitching moment due to offset 
propeller normal force. 

is the effect of propeller slipstream 
dynamic pressure increment on zero 
lift pitching moment. 

is the total effect on pitching moment 
due to slipstream dynamic pressure and 
angle of attack changes. 

is the effect of propeller slipstream 
on nacelle pitching moment. 

is the effect of dynamic pressure and 
downwash on pitching moment due to 
tail-lift. 

is the pover-on pitching moment of the 
tail. 


5. 2. 2.1 PITCHING MOMENT DUE TO THRUST OFFSET 


The pitching moment due to thrust offset may be obtained from: 


(AC m ) - N (T’/prop) 

M _ C 


ft) 


(5.40) 


where the geometric parameters are defined in Figure 5.3. 


5. 2. 2. 2 PITCHING MOMENT DUE TO PROPELLER NORMAL FORCE 
This effect may be calculated with: 
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(5.41) 



where: 

(AC.) Is the propeller n' rmal force, to be obtained 
L N P 

p from Equation (5.3). 

The geometric parameters are defined in 
Figure 5.3. 


5. 2. 2. 3 THE ZERO LIFT PITCHING INCREMENT 

Due to the effect of slipstream on the wing and nacelles at zero 
lift, there will be a change in zero lift pitching moment: 


(AC. ) - K.- (C m ) (Ref. 5.2) (5.42) 

0 An W ^ < 

q W prop off 

where: 

K.- is the factor that takes the power effect 

% 

into account, to be calculated from Equa- 
tion (5.43). 



(5.43) 


where : 

is the increase in dynamic pressure ratio, 

to be calculated with Equation 5.12. 

is the immersed portion of the wing area 
(see Figure 5.3): 

S i " N ( b i/P r °P) (5.44) 

The zero lift pitching moment (C. ) may be determined 

0 i 

prop off 

as follows: 


5.22 


Of POOR (SJAUTi 



For twin-engine airplanes: 


(C M > ' <C M > - (C M > 

° Stop off ""prop off ° Area not lnm ' r “' 1 


(5.45) 


where : 


( V 


wn 


prop off 


is the propeller-off CL. of the 

“o 

wing and nacelles, obtained elsewhere. 


and: 


(C m > “ (C m > 

M 0 . „ . . ”o „ 

Area not immersed W 


[ S W - S ll 

c not immersed 

s„ 


L w J 

f 

C W 


(5.46) 


where : 


V 


W 


prop off 


is obtained elsewhere 


s w- s i 


"not immersed b tt - b. 

W i 


(5.47) 


For a single-engine airplane: 

with (C u ) which is the 

Vf 

off prop off 

propeller-off (L. of the wing and fuselage obtained elsewhere. 

"o 

5. 2. 2. 4 PITCHING MOMENT INCREMENT DUE TO CHANGE IN WING LIFT 


Replace 


(Cm ) 

"o 


wn 


This power effect may simply be obtained from: 


WC M> 


WL 


where: 

*w 


(AC.) 

L Ai. 


(ac l ) 




(5.48) 


is the distance between aerodynamic center 
of the immersed wing and the center of 
gravity. 
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*W ■ *cg ' 1*1/4^ + <% + V 2 > ta » A V4 c- 
See Figure 5. 15 for geometry definition. 



Ftgur* 5. 15: Gaonwtry of th« wing 


The increments in lift due to power, (AC. ) and (AC.) , 

L I* _ 


may be found from Equations (5.11) and (5.24), respectively. 


5. 2. 2. 5 PITCHING MOMENT DUE TO EFFECT OF SLIPSTREAM ON NACELLE 
For multi-engine installations the effect of the propeller 
slipstream on nacelle pitching moments may be calculated with 
Equation (5.50) (from Reference 5.2): 



(5.50) 

(5.51) 


where: 

e and e are obtained from Equations 
p u 


(5.16) and (5.17). 


5.24 



is obtained from Equation (5.12). 

is a function of the shape of the nacelle 
(see Figures 5.16 and 5.18). 

\ 

71 


v ) 

Figure 5.16: Shape of nacelle {twin engine) 
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To see if there is a general trend in the shape of nacelles, 

some research was done. Distinction was made between turbine engines 

and reciprocating engines. The nacelle was divided into five equal 

2 

parts, as shown in Figure 5.16. Then the parameter w r Ax was deter- 
mined as a function of nacelle length, & n . The results are shown 
in Figures 5.17 and 5.19. Also included in this figure are two 

straight-line approximations. The equations for the nacelle shape 
2 

parameter w^ Ax thus found for twin engine aircraft are: 

Reciprocating engines: 

w 2 Ax - -3.07 + 10.51 l (5.52) 

n n 

Turbine engines: 

w 2 Ax - -6.84 + 6.90 4 (5.53) 
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Flgur* 5.17: Nacelle shape parameter, twin engine airplanes 
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figure 5*18: Shape of nacelle (single engine) 


For single engine aircraft the following approximation was found: 


w ax « -28.06 + 16.59 l 
n no 


5. 2. 2. 6 THE PITCHING MOMENT CONTRIBUTION OF THE HORIZONTAL TAIL 
The power-on pitching moment contribution of the horizontal 


tail may be obtained from: 


(C„ ) 


•© 


7V 

W “ hf 


(5.55) 


where: 


is the distance from c.g. to quarter chord 
point of tail mac. 


(C T ) is the tail lift based on S u as a funccion 

S? " 

“ hf * 
of: 

# H +1 H (5 * 56) 

prop off power 

2) and elevator deflection 5 


3) and — , the dynamic pressure ratio. 
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Figure 5.19: Nacelle shape parameter, single engine airplane 
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The tail-lift coefficient then follows from: 


V 


•v-'vftM-t) 


(5.57) 


This concludes the derivation of the equations of the effect of 
power on the lift and pitching moment characteristics of single or 
multi-engine propeller aircraft. 
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5.3 HAND CALCULATION 


This is a hand calculation of the power effect subroutine for 
Airplane C. The data are given in Appendix D. 

The computations are for the following flight conditions: 

C L - .797 

V * 144 ft/sec 

a. * 0.105 rad 


prop 


965 lbs 


The following moment coefficients are from Reference 5.2: 



- -.024 



- -.024 



- -.024 



- -.0143 


Following is a step-by-step 
for the above flight conditions: 


Eqn. 

5.2.b: 

°T 

Eqn. 

5. 2. a: 

T’/prop 

Eqn. 

5.2: 

(AC.) 

L T 

Eqn. 

5. 3. a: 

T c /prop 

Eqn. 

5.7: 

f 

Eqn. 

5.8: 

V 

♦o 

Eqn. 

5.4: 

SFF 


hand calculation for Airplane C 

- - . 105 rad 

- 0.22 

- 0.0461 

- 0.54 

- 1.376 

- 0.098 

- 97.847 
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Eqn. 5.9: 

C , actual 

» 1.192 


C , reference 


Eqn. 5.1.t: 

'i 

- 5.4327 


Eqn. 5.10: 

9e u /9a 

• -0.189 


E^q. 5.6: 
Eqn. 5.12: 

(*C.) 

L *P 

Si 

- 0.00705 
» 1.3850 


Eqn. 5.16: 

e u 

- -0.0331 

rad 

Eqn. 5.23: 

9e /3a 

P 

* 0.2910 


Eqn. 5.5: 

“p 

- 0.1381 

rad 

Eqn. 5.17: 

e 

P 

- 0.0402 

rad 

Eqn. 5.15: 

2 S 

- -1.4564 

ft 

Eqn. 5.1. a: 

t^/prop 

« 5.2677 

ft 

Eqn. S.l.n: 

S p /prop 

- 28.2743 

ft 2 

Eqn. 5.1.p: 

Sj^/prop 

- 28.6178 

fc 2 

Eqn. 5.1.q: 

A i 

« 0.9696 


Eqn. 5.19: 

*1 

» -3.0406 


Eqn. 5.20: 

X 2 

- 1.2512 


Eqn. 5.21: 

X 3 

• -0.0051 


Eqn. 5.22: 

*1 

- 0.7521 


Eqn. 5.11: 

(AC ) 

* 0.2936 
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Eqn. 5.25: 

(4a)- 

5 i 

• -0.0321 

rad 

Eqn. 5.24: 

(AC.) 

s 

- -0.1141 


Eqn. 5.27: 

*2 

- 1.3353 


Eqn. 5.26: 


- 0.3023 


Eqn. 5.30: 

X 5 

- 0.0769 


Eqn. 5. 31. a: 

X 6 

- 0.0769 


Eqn. 5 . 32 . a : 


- -0.801 

ft 

Eqn. 5.32: 

(Ae ) 

power 

» 0.0765 

rad 

Eqn. 5.34.b: 

z s 

- -1.4564 

ft 

Eqn. 5. 34. a: 


- 1.1373 

ft 

Eqn. 5.38: 

\ 

- 6.8668 

ft 2 

Eqn. 5.33: 

X 7 

- 0.4453 


Eqn. 5.34: 


- 0.3995 


Eqn. 5.36: 

power 

- 0.2555 


Eqn. 5.56: 


- -0.0566 

rad 

Eqn. 5.57: 

( V 

S H q/q-l 

- -0.2324 


Eqn. 5.35: 

( v 

H hf 

- -0.0594 


Eqn. 5.40: 

(ac m> t 

T 

- -0.0771 


Eqn. 5.41 : 

(AC.,) 

- 0.0075 



NP 
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Eqn. 5.43: 

k - 

A< »w 

- 0.2424 


Eqn. 5.47: 

c not imm. 

- 4.8442 

ft 

Eqn. 5.46: 

<°m > 

”o . 

not imm. 

- -0.0156 


Eqn. 5.45: 

(Cm > 

0 i 

prop off 

» -0.0084 


Eqn. 5.42: 

( X- 

A «w 

- -0.0041 


Eqn. 5.49: 

*W 

- 0.775 

ft 

Eqn . 5.48: 

<ACm> 

M WL 

- -0.0271 


Eqn. 5.52: 

2. 

w Ax 
n 

- 40.757 

ft 3 

Eqn. 5.51: 

<“m> 

up 

- -0.00273 


Eqn. 5.55: 

<v 

11 hf 

- 0.1736 



5.4 DESCRIPTION OF PROGRAM 

A flowchart of the program is shown in Figure 5.20. The integer 
variable ENP is used to distinguish between single engine (ENP*1) and 
twin engine airplanes (ENP»2) , since the formulas are not always the 
same. For the single engine case the dimensions of the immersed area 
are calcula* id using an approximation for the height ol the propeller 
slipstream above the body X-axis at the wing quarter chord point (Z^) . 
After the calculation of Z<,, there is a loop back to recalculate the 
immersed wing characteristics for the single engine case; this is 
only done twice. It is possible to calculate only the effects on 
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lift by setting the integer KLTI equal to 1. It is also possible 

to include the calculation for C T ; in this case the computer will 

Max 

return to the calling subroutine when the variable KCLM is set to 2. 

In neither of above cases are the effects on moment calculated. Twice 
another subroutine is called: subroutine DOWNWS for the calculation 

of 3e/3a and function "SLOPE" for the calculation of wing and tail 
plane lift-curve slope. 

A listing of the program and a sample output for Airplane C 
are shown in figure 5.21. A comparison of computed power effects 
for the fuselage-wing-nacelle combination with wind tunnel test 
results shown in Figures 5.22 , 5.23 and 5.24. 

TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS/DEFAULT 


ALPHA 

“b 

rad 

Calling 

Subroutine 

ALPHLO 

a n 

rad 

Common 


W 



ALPHT 

°H 

rad 

Common 

ALPOH 

°HT 

rad 

Common 

ALPPR 

a 

P 

rad 

— 

ALPT 

a T 

rad 

Common 

ALPW 

a w 

rad 

— 

AR 

A 

— 

Common 

ARI 

*i 

— 

— 

B 

b 

ft 

ORIGINAL *AGE lb 
Common pQQR QUALT1I 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 


NAME 

ENG. SYMBOL DIMENSION 

ORIGIN 

REMARKS /DEFAULT 

BD03 

(b/D)0.3 

— 

Common 

.0693 

BD06 

(b/D)0.6 

— 

Common 

.082 

BD09 

( b/D)0. 9 

— 

Common 

.0682 

BXHME 

b i 

ft 

— 


BHT 

b HT 

ft 

Common 


BL 

— 

— 

Common 

No. of Blades 

BLANG 

S 0.75 

deg 

Common 

21.5 

CBARI 

h 

ft 

— 


CBARW 


ft 

Common 


CL 

C L 

— 

Common 


CLHHF 

<v 

“ hf 

— 

— 


CLHSQ 

%> 

S H’ / " 




CLTOT 

Hot 

— 

— 


CMHHF 

(C„ > 

V 

— 



CMODQW 

*V- 

Aq w 

““ 



CMOIP 

(C* > 

^ 0 i 

prop off 




CMONI 

<V 

area not 

— 

— 



immersed 


5.35 



TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS /DEFAULT 


CMOW 

(C* > 

prop off 

— 

Common 

CMOWF 

<C M > 

°wf 

prop off 

™ ™ ™ 

Common 

CMOWN 

‘S' 

wn prop off 


Common 

CMTOT 

(0 
M TOT 

— 

— 

CMWFN 

wfn 

— 

— 

CNOTJ 

c 

not immersed 

— 

— 

CRCLW 

<y 

i 

ft 

Common 

CROOTW 

C R 

ft 

Common 

CTIPI 

% 

ft 

— 

CTIPW 

c t 

ft 

Common 

CYPSA 

C * actual 
0 

— 

— 

CYPSR 

C ' reference 
y * 

0 



DALPSI 

(Aa)- 

6 i 

rad 

— 

DCLDQW 

(AC.) 

— 



DCLEP 

(4C ) 

e 

P 

— 

— 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN 


DCLNP 

(AC ) 

L NP 

— 

— 

DCLMAX 

(AC.) 

L Max 

— 

— 

DCLT 

(AC.) 

L T 

.HZ. 

— 

DCLWF 

(AC ) 

L WF 

— 

— 

DCMNAC 

np 

— 

— 

DCMNP 


— 

— 

DCMT 

<4C M> T 

— 

— 

DCMTOT 

(ac m ) 

M TOT 

— 

— 

DCMWL 

(AC,,) 

M WL 

— 

— 

DEHP 

(Ae H ) 

power 

rad 

— 

DEPDA 

3e/3a 

— 

— 

DEUDA 

3e u /3a 

— 

— 

DPROP 

D 

ft 

Common 

DQHQI 

i. 

— 

— 

DQWQI 

5. 

— 

— 

ELCG 

* 

ft 

Common 


eg 


REMARKS /DEFAULT 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS/DEFAULT 


ELC4W 


ft 

Common 


ELHT 

*’h 

ft 

Common 


ELTH 

a h 

ft 

Common 


ENP 

N 

— 

Common 

No. of Engines 

EPS 

(e H } 

rad 

Common 


EPSP 

e 

P 

rad 

— 


EPSU 

e 

u 

rad 

— 


EYET 

1 T 

rad 

Common 


EYEW 

Sr 

rad 

Common 


FN 

T 

lb 

Common 


FPR 

f 

— 

— 


FWOB 

b 

c 

ft 

Common 


K1 

K 1 

— 

— 


K2 

K 2 

— 

— 


K3 

K 3 

— 

— 


KCLM 

— 

— 

— 


KDWQ 

K - 
A< *v 

— 

— 


KNPOW 

— 

— 

— 


LN 

1 

n 

ft 

Common 


LNO 

l 

nose 

ft 

Common 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS /DEFAULT 


NTYE 

— 

— 

— 

QINF 


lb/ft 2 

Common 

QHQI 


— 

— 

RATCYP 

C , actual 
\ 



C reference 

y. 

♦o 



RHO 

p 

lb sec 2 /ft^ 

Common 

RPROP 

R p 

ft 

Common 

SFF 

srf 

— 

— 

SHT 

S H 

l-ft 

rt 

N> 

Common 

SHTI 

\ 

ft 2 

— 

SLMI 

X i 

— 

— 

SLOPE 


rad~* 

Common 

SLOPEH 

C L 

a P. 

.-1 

rad 

Common 

SPROP 

S 

prop 

ft 2 

— 

SW 

S 

£t 2 

Common 

SWI 

S i 

ft 2 

— 

SWPQC 

A 1/Ac 

rad 

Common 

SWTRP 

S w (T;/prop 

8 R 2 
P 

— 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER” (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN 


TCPRIM 

Thrust/prop 

Ow 

— 

— 

TCPROP 

Thrust /prop 

„2 n 2 
p • V D 

prop 

— 

— 

V 

V 

ft/sec 

Common 

WNDX 

2. 

w Ax 
n 

ft 3 

— 

XI thru X7 

X^ thru X^ 

— 

— 

XP 

X P 

ft 

Common 

XPP 

X' 

P 

ft 

Common 

xw 


ft 

— 

YCI 

Y 

C i 

ft 

— 

YT 

y t 

ft 

Common 

ZS 

z s 

ft 

— 

ZW 

"w 

ft 

Common 

ZT 

Z T 

ft 

Common 

ZHT 

Z H 

ft 

Common 

ZHHT 


ft 

— 

ZHEFF 

\ff 

ft 

— 


REMARKS /DEFAULT 
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ATTACH 
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COMPUTE 
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COMPUTE 
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ATTACK 


(5.25) 



(5.24) 



COMPUTE 


1 , 

PROPELLER 

(S. 17) 

COMPUTE 

DOWNUASH 


CHANGE IN 



tail-off 

1 1 


LIFT 



COMPUTE 
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FACTOR 
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( 5 . 56 ) 


( 5 . 57 ) 


( 5 . 55 ) 
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10 SUBROUTINE POWER (CLTOT,DCMTOT,DEHD,DQHQI,DQWQI,EPS,EP$P) 

20 REAL K1,K2,K3,KHP0W,LN,LN0 

30 INTEGER ENP,NTYE,TEST1 

40 C0MM0N/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

50 C0MM0N/H0RZ/DLMC4H,ARH,$LMH,BHT,CBARHT,$HT,CLAHP,CRCLHT 

60 COMMON/ FLITE/ ALPHA, EM, CL 

70 COMMON/GEOM/DIHD,ZW,SAH,XHMAC,ELINC 

80 COMMON/FUS/ELF, DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 

90 C 0MM0N/WING2/ CROC TW,CTIPW,E YEW 

100 C0MM0N/PRPLSN/ENP,NTYE, EYET, YT,ZT, FN 

110 COMMON/PROP/BLANG,BD03,BD06,8D09,BL,DPROP,XPP,XP 

120 C0MM0N/SHAPE/MY1,NY1 ,MC,NC,ELC4W,DELTLC,EL0DT 

130 COMMON/TEST / ILI FT ,TEST1 ,KCLM,KLT I 

140 COMMON/FUS2/ZHHT,FWOB,ELHT,LNO 

130 COMMON /WEIGHT/ ELCG, WEIGHT 

160 COMMON/ TRIM/ EYEH,CLHT,DELTEL 

170 COMMON/ AERO/ RHO,TAS 

180 C0MM0N/H0RT2/ALPHL0,ALP0H 

190 ALPT =ALPHA+E YET 

200 QINF=.5*RH0*(V**2. ) 


210 TCPRIM=FN/(9INF*SW) 

220 DCLT=ENP*TCPRIM*SIN(ALPT) 

230 ALPOUT =ALPH A*57 . 3 

240 WRITE (6,1011) ALPOUT 

250 WRITE (6,1012) TCPRIM 

260 WRITE (6,1015) DCLT 

270 TCPR0P=FN/(RH0*(V**2.)*(DPR0P**2.)) 

280 FPR=.652+1.183*AL0G(TCPR0P+1 .3) 

290 CYPSR=.013*(BLANG**.657)+(.0125+.00125*BLANG)*(BL-2.) 

300 SFF=525.*(BD03+BD06)+270.*BD09 

310 RATCYP=-2.938+.901*ALCG(SFF) 

320 IF (ENP.EQ.2) GOTO 20 

330 ZS=ZT-ATAN (ALPHA )*XPP 

340 10 CONTINUE 
350 N=N+1 

360 BIMME=2.*SQRT (ABS (RPR0P**2-(ZS-ZW)**2) ) 

370 SLMI=CTIPI /CROOTW 

380 YCI=.353*(BIMME/2.)*( (1 .+2.*SLMI)/( 1 .+SLMI)) 

390 CBARI=.6667*CR00TW*( ( 1 . +SLMI+SLMI**2. ) / ( 1 . +SLMI) ) 

400 SWI=BIMME*CBARI 

410 ARI=BIMME/CBARI 

420 IF (ENP.EQ.1) GOTO 30 

430 20 CONTINUE 

440 CBARI=CTIPW+(( ( CRCLW-CTIPW)*(B/2.-YT) ) / (B/2.) ) 

450 30 CONTINUE 

460 DEUDA=-.1 136*( (XPP/CBARI)** (-1 8141 ) ) - - 027* ( AR-4 . ) 

470 ALPW=ALPHA+EYEW 

480 DCLNP=ENP*FPR*C YPSR*RATC YP*(ALPT-DEUDA*(ALPW-ALPHLO) )* 

490 &((3.1416*RPR0P**2.)/SW) 


Figure 5.21: Listing of Subroutine "POWER" 
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500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

610 

620 

630 

640 

650 

660 

670 

680 

690 

7C0 

710 

720 

730 

740 

750 

760 

770 

780 

790 

300 

810 

820 

830 

840C 

850 

860 

870 

380 

890 

900 

910 

920 

930 

940 

950 

960 

970 

980 

990 

1000 

1010 

1020 


WRITE (6/1020) OCLNP 
DQWQI=(SW*TCPRIM)/(3.1416*(RPR0P**2.)) 

EPSU=DEUOA*(ALPW-ALPHLO) 

SWTRP= (SW*TCPRIM) / ( 8 . * ( R PR0P**2 . ) ) 

CYPSA=C YPSR*RATC YP 

DEPDA=.3732+.1703*AL0G($WTRP)+(.2115-.0504*SWTRP)*CYPSA 

ALPPR=ALPT-DEUDA*(ALPW-ALPHLO) 

EPSP=DEPDA*ALPPR 

IF (ENP.EQ.1) GOTO 33 

BIMME=2.*SQRT(RPR0P**2.-(ZS-ZW)**2) 

SWI=BIMME*CBARI 

ARI=BIMME/CBARI 

YCI=YT 

33 CONTINUE 

Xl=2.6384*(ARI**2. 0312)+(-3. 8116+4. 2237*ARI-1.6186*(ARI**2.))*AR 
&+ (.041 8*(ARI**1 .3383)) *(AR**2.) 

X 2=1 . 9938+1 . 21 94+ALOG ( SWTR P) 

X3=(X2*(X1+3.))/10. 

Kl=.9191*EXP(-.3663*SWTRP)+X3/5 

DCLDQW=ENP*K1*DQWQI*CL*(SWI/SW) 

WRITE (6/1025) DCIDQW 

DALPSI=-(EPSP/(1 .-DEUDA)) 

DCLEP=ENP*(1.+DQWQI)*SL0PE*DALPSI*(SWI/$W) 

WRITE (6/1030) OCLEP 
IF (KLTI.EQ.1) GOTO 140 
IF (KCLM. EQ.1 .0R.KCLM.EQ.2) GOTO 35 
GOTO 40 
35 CONTINUE 

DCLWF=DCLE P+DCLDQW+DCLNP+DCLT 

K2=1 .1854-2. 1129* (SWI/SW) +7. 6Q4*((SWI/SW)**2.) 

DCLMAX=K2*DCLWF 
WRITE (6,1032) K2 
40 CONTINUE 

IF (KCLM.EQ.2) GOTO 140 

CALL SUBROUTINE DOWNWS (DEPDAL) 

EPS=DEPOAL*(ALPW-ALPHLO) 

IF (ENP.EQ.2) GOTO50 

X4=(.5376*EXP(3.9419*EPS)+.4366*((EPS*57.3)**1.2345)*SWTRP- 
&(.1091*((EPS*57.3)**1.3152))*(SWTRP**2))/57.3 
ZHT=ZHHT-ZT+ATAN(EYET)*(XP+ELTH) 
DEHP=.6*X4*(.8189-.0185*(ABS(ZHT)/(2.*RPR0P))- 
8.1953*((ABS (ZHT)/(2.*RPR0P))**2)) 

IF (ENP.EQ.1) GOTO 90 
50 CONTINUE 

ZHT=ZHHT-ZT+ATAN(EYET)*(XP+ELTH) 

X5=(-1 . 0234+56. 01 *EPS-.1 032* ((EPS*57. 3) **2)+ 
8(3.5191-13.8*EPS+.2025*((EPS*57.3)**2))*SWTRP- 
&(.8738*EXP(12.909*EPS))*(SWTRP**2))/57.3 
IF (ILI FT . EQ. 2.0R . ILIFT. EQ.3.0R. ILIFT . EQ.5.0R. ILIFT.EQ.6) GOTO 60 
X6=X5 
GOTO 80 

60 X6=.5+.889*X5 

80 CONTINUE 


Figure 5.21: Continued 
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1030 

1040 
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1080 
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1480 

1490 

1500 


DEHP=.6*( .9951 +.0419*(ZHT/(2.*RPR0P))-.3021*( (ZHT/(2.*RPR0P)) 
&**2))*X6 
90 CONTINUE 

ZS=-XPP*(ALPHA-EPSU-EPSP)+ZT 
IF (N.EQ.3) 60T0 95 
IF (ENP.EQ.1) GOTO 10 
95 CONTINUE 

ZHEFF=ZS-ELHT*(ALPHA-EPSU-EPSP-EPS-DEHP)-ZHT 

SHTI=(((BHT/2.-YT)+SQRT(ABS(RPR0P**2-ZHEFF**2))) 

&/(BHT/2.))*SHT 

X7=(.34+$WTRP)*(.865*(SHTI/$HT)) 

DQHQI=(1.01-.1438*(ZHEFF/RPR0P)-.3904*((ZHEFF/RPR0P)**2))*X7 

KHPOW=(SHT/SW)*(QHQI+DQHQI) 

ALPHT=ALPHA-EPS-DEHP+EYEH 

CLHSQ=SLOPEH*(ALPHT-ALPOH) 

CLHF=CLHSQ*KHPOW 

WRITE (6,1035) CLHF 

DCMT=ENP*TCPRIM*(ZT/CBARW) 

WRITE (6,1037) 

WRITE (6,1040) DCMT 
DCMNP=DCLNP*(XP/CBARW) /COS (ALPT) 

WRITE (6,1045) DCMNP 
KDQW=DQWQI*(SWI/SW)*(CBARI/CBARW) 

IF (ENP.EQ.2) GOTO 100 
CMOWN=CMOWF 
100 CONTINUE 

CNOTI=(SW-SWI)/(B-BIMME) 

CMONI=CMOW*( (SW-SWI)/SW)*(CNOTI/CBARW) 

CMOIP=CMOWN-CMONI 
CMODQW=KDQW*CMOIP 
WRITE (6,1050) CMODQW 

XW=ELCG-(ELC4W+(YCI+FW0B/2.)*ATAN(SWPQC)) 

DCMWL=-(DCLOQW+DCLEP)*(XW/CBARW) 

WRITE (6,1055) DCMWL 
IF (ENP.EQ.2) GOTO 110 
WNDX=-28. 06+16. 59*LN0 
IF (ENP.EQ.1) GOTO 130 
110 CONTINUE 

IF (NTYE.EQ. 1 .OR.NT ,'E.EQ. 2.0R.NTYE. EQ.3) GOTO 120 
WNDX=-6. 84+6 . 9*LN 
GOTO 130 

120 WNDX=-3. 07+10. 51*LN 
130 CONTINUE 

DCMNAC=-ENP*((EPSP+EPSU)/(36.5*SW*CBARW))+(1.+DQWQI)*WNDX*57.29 
WRITE (6,1060) DCMNAC 
ALPHTP=ALPHA-EPS-DEHP 
CMHHF=-(ELTH/CBARW)*CLHF 
WRITE (6,1065) CMHHF 


Figure 5.21: Condnued 
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1510 DCMTOT=DCMT+DCMNP+CMODQW+DCMWL+DCMNAC 

1520 CLTOT=CL+DCLWF+CLHF 

1530 WRITE (6,1067) 

1540 WRITE (6,1068) CLTOT 

1550 WRITE (6,1070) DCMTOT 

1560 CMTOT=CMWFN+DCMTOT+CMHHF 

1570 WRITE (6,1075) CMTOT 

1580 WRITE (6,1080) 

1590 140 CONTINUE 

1600 100C FORMAT (10X,"*** KU-FRL DEVELOPED SUBROUTINE: POWER EFFECTS***"///) 

1610 1005 FORMAT (10X," TESTRUN FOR AIRPLANE C "///) 

1620 1010 FORMAT (10X,"... EFFECTS ON LIFT ..."//) 

1630 1011 FORMAT (10X,"* BODY ANGLE OF ATTACK® ",1F5.1," DEG"//) 

1640 1012 FORMATdOX,"* THRUST COEFFICIENT® ",1F4.2//) 

1650 1015 FORMAT (10X,"DCLT* ",1F10.4/) 

1660 1020 FORMAT (10X,"DCLNP= ",1F10.4/) 

1670 1025 FORMAT (10X,"DCLDQW= ",1F10.4/) 

1680 1030 FORMAT (10X,"DCLEP= " ,1 F10.4/) 

1690 1032 FORMAT (10X,"K2= ",1F10.4/) 

1700 1035 FORMAT (10X,"CLHF= ",1F10.4///) 

1710 1037 FORMAT (10X,"... EFFECTS ON PITCHING MOMENTS ..."//) 

1720 1040 FORMAT (10X,"DCMT= ",1F10.5/) 

1730 1045 FORMAT (10X,"DCMNP= ",1F10.5/) 

1740 1050 FORMAT (10X,"CM0DQW= ",1F10.5/) 

1750 1055 FORMAT (10X,"DCMWL= ",1F10.5/) 

1760 1060 FORMAT (10X,"DCMNAC= ",1F10.5/) 

1770 1065 FORMAT (10X,"CMHHF= ",1F10.5///) 

1730 1067 FORMAT (10X,"... TOTAL EFFECTS OF POWER ..."//) 

1790 1068 FORMAT (10X, "CLTOT® ",1F10.4//) 

1800 1070 FORMAT (10X, "DCMTOT® ",1F10.5//) 

1810 1075 FORMAT (10X, "CMTOT® ”,1 F10.5///) 

1820 1080 FORMAT (10X,"*** END OF SUBROUTINE POWER ***"///) 

1830C RETURN 

1840 STOP 

1850 END 


Figure 5.2Xs Continued 
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*** KU-FRL DEVELOPED SUBROUTINE: POWER EFFECTS*** 


TESTRUN FOR AIRPLANE C 


... EFFECTS ON LIFT ... 

* BODY ANGLE OF ATTACK= 11.7 DEG 

* THRUST COEFFICIENTS 0.22 

DCLT= 0.0895 

DCLNP= 0.0131 

DCLDQW= 0.4881 

DCLEP= -0.2232 

K2= 1.0495 

CLHF= 0.0019 


... EFFECTS ON PITCHING MOMENTS ... 

DCMT= -0.07708 
DCMNPs 0.01415 
CMODQW= -0.00125 
DCMWL= -0.05738 
DCMNAC= -0.00784 
CMHHF= -0.00567 


... TOTAL EFFECTS OF POWER ... 
CLTOT= 1.6944 

DCMTOT= -0.12941 

CMTOT= -0.14308 


*** END OF SUBROUTINE POWER *** 


Figure 5.21: Continued 
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Ffgur# 5.23: Comparfson of power affects 
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LI ftcoeff icient 



Figure 5.24: Comparison of pOMe** affect* 
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5.5 CONCLUSIONS 


A comparison of computer generated data with the handcal- 
culation showed that the program worked properly. Figures 5.22 
through 5.24 show that the computer program predicts the power- 
on characteristics fairly well. No run for the effect on pitching 
moment for airplane B was done, however figure 5.23 indicates 
that this effect also is fairly well predicted. 

The program also computes the propeller side force derivative, 
which is used in the computation of C^ . Comparison with data in 
Reference 5.2 shows that this variable is predicted within 5 % 
accuracy. 
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CHAPTER 6 


STATIC LONGITUDINAL STABILITY 

6.1 INTRODUCTION 

This chapter describes the computation of static stability, 

Cgj , static margin, 
a 

fixed and stick free cases. Power effects are accounted for by 
referring to subroutine POWER (Chapter 5) . The method is based 
on Reference 6.1. The center of gravity location is assumed to 
be known. 


dC^/dC^, and neutral point, for both stick 


6.2 DERIVATION OF EQUATIONS 

The static stability parameter, C^ , may be computed from: 

a 

dC M 


St-(d^)‘ C L 


( 6 . 1 ) 


where : 


is the lift-curve slope of the complete 
airplane, as computed in subroutine 
LCSLOPE. 



is the static margin which may be found 
from: 


S.i -i 

dC^ eg ac 


( 6 . 2 ) 


The airplane aerodynamic center location, X &c , may be obtained 


X + 
aC WB 


°WB 


ac 


(6.3) 


Fixed 


a WB 

Equation (6.3) is for the stick fixed case. For the stick 
free case the following equation should be used: 


XaC WB + C L 


“H 


“WB 


1h ( s ”) X “h ( 1 ‘ \ ) 


ac. 


Free 


C L 


1 + 


°H 


■«L 


-©<- v) 


(6.4) 


°WB e 

The various variables in Equations (6.3) and (6.4) are calcu- 
lated as follows: 

The lift-curve slope of the horizontal tail angle of 

the wing body combination, and , respectively, 

°H °WB 

are computed in subroutine "LIFCRV*. 

The downwash de/da is calculated in subroutine ‘'DOWNWS*. 

The control-surface parameters and are 

a 

computed in subroutine "CONSURF*. Section 11.26. 

The aerodynamic center of the horizontal tail plane and 

of the wing, X and X ., respectively, are defined in 
ac H aC W 

Figure 6.1. They may be computed with reference to Figure 

6 . 2 . 
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Figure 6*2; continued 
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To convert the value of X' /C_, from Figure 6.2, to the 

3C K 

nondlmenslonal value ^ ac > use Is made of Equation ^6. 


hc m h <‘- 5 > 

where and are given as: 

K 1 - 1.5 - .1475 X - .625 X 2 (6.6) 

K 2 - (.09396+ .16246 X + .02113 X 2 ) (6.7) 

where A. _ in rad. 


Note: The Equations . 6) and . 7) were obtained from 

Figures 3.10 and 3.11 of Reference 6.1 by curve 
fitting techniques. 


The wing-body aerodynamic center may be computed from: 


X - X + A X 
ac WB ac W ac l 


( 6 . 6 ) 


The body-induced aerodynamic center shift AX^ c in Equation 

B 

(6.6) follows from: 


^ X - -dM/da (Body and/or Nacelles » Tailboom) 


ac 


(6.7) 


B 


where : 


qScC T 


“w 


— - * — 3 — V W 2 (X ) —I AX 
da 36.5 ££ f da^ aX i 

The geometric variables in Equation (6.8) are defined 
in Figure 6.3. 


( 6 . 8 ) 


The downwash ahead of the wing may be found from Figure 6.4. 
Note the different curves for different parts of the body 
forward of the wing. 
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figure 6,3: Geometric parameters for the computation 

of the effect of body or nacelles on a*c. location 



0 A .8 12 lb 2.0 
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Figure 6.4s Upweth ahead of the wing 
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The downwash behind the wing may be found from: 


de 

da 



(6.9) 


where — is found from Section 11.3, Equation (11.3.1). 
act 

If C T j* .08 deg \ then a correction has to be applied 

la 

“w 

to Equation (6.9): 



( 6 . 10 ) 


This concludes the derivation of equations for the Static Longi- 
tudinal Stability. 


6.3 HAND CALCULATION 

Following is a hand calculation for Airplane C. Data for this 
airplane are provided in Appendix C. 

A separate checkout for Function "ACEM" was done to make sure 
that this program works properly. Tests were done for three different 
wings; data are given in Table 6.1. 


TABLE 6.1 WING GEOMETRY (Test Wings for "ACEM") 



#1 

#2 

#3 

Span (ft) 

34.0 

30.0 

30.0 

2 

Surface (ft ) 

204.0 

165.0 

180.0 

Aspect Ratio 

5.667 

5.45 

5.00 

Root Chord (ft) 

6.0 

7.0 

10.0 

Tip Chord (ft) 

6.0 

4.0 

2.0 
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TABLE 6.1 WING GEOMETRY (Test Wings for "ACEM") (continued) 


WING 

#1 

#2 

#3 

MAC (ft) 

6.0 

5.65 

7.0 

Taper Ratio 

1.0 

.571 

.20 

L.E. Sweep (deg) 

0.0 

6.843 

43.13 

Lat. Pos. AC. 

8.5 

6.75 

5.8 


Calculations were done for different Mach numbers for each wing. 
The results of these calculations are given in Table 6.2. 


TABLE 6.2 RESULTS OF CALCULATIONS FOR "ACEM" 


WING 

#1 

#2 

#3 

MACS 


.5 

.0 

.95 

.0 

.85 

8 

1.0 

. 866 

1.0 

.312 

1.0 

.527 

*tanA Lg 

0.0 

0.0 

.654 

.654 

4.685 

4.685 

TanAjjj/B 

0.0 

0.0 

.12 

.384 

.937 

1.779 

X L /C R 

.24 

.24 

.31 

.297 

.738 

.804 

X 

.24 

.24 

.241 

.225 

.278 

.373 

ac w 








A comparison with the values as computed by the compur r program 
is given in Table 6.3. 
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TABLE 6.3 COMPARISON OF CALCULATIONS FOR "ACEM" 


WING 

n 

n 

n 

MACH 

.0 

.5 

.0 

.95 

.0 .85 

Xac w 

.24 

.24 

.241 

.225 

.278 .373 

(Hand calc.) 






X 

ac w 

.267 

.267 

.244 

.226 

.373 

(Computer) 






Z error 

11.3 

11.3 

1.2 

.44 

1.1 


From these results it appears that Function ’’ACEM” works properly. 
The hand check for Airplane C was done for the following flight 
conditions: 

» 2.0 (deg) 

C L - 0.461 
M - 0.175 

Function "SLOPE" gives: 

C L » 4.495 (rad* 1 ) 

C L - 4.653 (rad" 1 ) 

°W 

Subroutine "LIFCRV" then computes: 

C L - 4.651 (rad" 1 ) 

n WB 

The downwash is computed in subroutine "DOWNSW" as: 
de/da « 0.627 


ORIGINAL RAGE 18 
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Function "ACEM" computes the aerodynamic center positions as: 


X » 0.219 
ac H 


X - 0.352 
ac W 

Subroutine "MULTOP" computes the aerodynamic center shift due 


to body as: 


A X_ - -0.038 
ac B 


Assuming a dynamic pressure ratio at the horizontal tail of 

n H * 1.0 


Equation (6.3) then gives: 


- 0.305 


'Fixed 


Equation (6.4) gives the aerodynamic center position for the 
stick-free case as: 


X - 0.304 

ac_ 

Free 

In this case the hing-moment data were obtained from Reference 


6.2 as: 


■ .115 (rad ) 


C. » -.74 (rad A ) 

h « 


t e - .674 


The static margin now can be computed according to Equation (6.2) 




dC M /dC L ■ -0.205 (stick fixed) 
dCjj/dCj^ * -0.204 (stick free) 
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The lift-curve slope of the complete airplane is computed in 

subroutine "LIFCRV" as: 

C. - 5.183 (rad -1 ) 

“WBM 

Finally, Equation (6.1) computes the static longitudinal stability 
as: 

Cjj ■ -1.061 (rad *) for the stick-fixed case; 
a 

or: * -1.057 (rad S for the stick-free case. 


6.4 PROGRAM DESCRIPTION 

The computation of the Static Longitudinal Stability parameters 
is split into several parts. 

1) Function "ACEM" computes the aerodynamic center position 
for a given lifting surface. 

2) Subroutine "MULTOP" computes the aerodynamic center shift 
due to body presence. 

3) A mainline that performs the computations and calls the 
respective subroutines as functions. 

Function "ACEM" will be described hereafter. The curves of Figure 
6.2 are input as straight lines. The curved sections of the curves 
may be ignored, since these parts apply only for high Mach numbers and 
high sweep angle combinations. To avoid the problem of the dual nature 
of the X-axis, the following conversion can be made: 



( 6 . 11 ) 


All the curves of Figure 6.2 are put in an array DD. An inter- 


polation routine is int.-nal in Function "ACEM" to compute the aero- 
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dynamic center position for given planform parameters. 

Subroutine "MULTOP" is an existing routine that is documented 

in Reference 6.3. It performs an iteration according to Equation 

(6.7). Two variables in the subroutine "MULTOP" need special mention: 

the shape parameters N v and My. . They define the shape of the nose 

*1 *1 

as seen from above and, therefore, the width cf the fuselage at a 
certain station. They are defined and computed in Reference 6.3. 

TABLE 6.4 VARIABLES IN SUBROUTINE "CMALPHA" 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ALPHA 

a 

rad 

Common 

AR 

a 

— 

Common 

ARC 

— 

— 

— 

ARH 


— 

Common 

B 

B 

ft 

Common 

CBARH 

*H 

ft 

— 

CBARW 


ft 

— 

CHA 

Si 

rad * 

"CONSURF 1 


a 

-1 

"CONSURF' 

CHD 

s 

rad 


n 6 



CL 

C L 

— 

Common 

CLAH 

C L 

rad”* 

"SLOPE" 


°H 

-1 


CLAHP 


rad A 

Common 


“H 
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TABLE 6.4 VARIABLES IN SUBROUTINE "CMALPHA" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN 


CLALPA 


.-1 

rad 

"LIFCRV 1 

CLAW 

c L 

rad 1 

"SLOPE" 


“w 



CLAWB 

C L 

.-1 

rad 



“VIB 



CLAWP 

C* 

rad -1 

Common 


a w 



CMAFIX 

°M 

rad 1 

... 


“fix 



CMAFR 

Si 

-1 

rad 

— 


“free 



CMAFRE 

Si 

rad 1 

— 


“free 



• CMCLFI 

d V dC L f( 

fix 

rad” 1 

— 

CMCLFR 

dC/dC. 

M L free 

-1 

rad 

— 

CMFI 

— 

rad 1 

— 

CMFIX 

— 

rad 1 

— 

CMFR 

— 

rad 1 

— 

CMFREE 

— 

rad 1 

— 

CRCLW 

U R 

ft 

Common 


\ 



CRCLWC 

— 

ft 

— 

DCMTOT 

4 \oC 

rad” 1 

"POWER" 

DEHP 

Ac 

P 

rad 

"POWER" 


REMARKS 
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TABLE 6.4 VARIABLES IN SUBROUTINE "CMALPHA" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


DEHPA 

dc/da| p 

— 

— 


DELTC 

— 

— 

— 


DERDAL 

de/da 


"DO’TNWS" 


DFUS 

^fus 

ft 

Com; non 


DLMC4 

A 1/4c 

deg 

Common 


DLMC4C 

— 

deg 

— 


DLMC4H 


deg 

Common 


DQHQI 

4 "h 

— 

"POWER" 


DXACB 

AX 

flC B 

ft 

"MULTOP" 


ELC4W 

*l/4c w 

ft 

Common 


ELF 

l. 

f us 

ft 

Common 


ELODT 

^fus^fus 

— 

Common 


ELTH 

*H 

ft 

Common 


EM 

M 

— 

Common 


EMC 

— 

- — 

— 


FACT 

— 

— 

— 


HC 

h 

c 

ft 

Common 


HH 


ft 

Common 


KSURF 

— 

— 

— 


LN 

t 

nose 

ft 

Common 

OP POOR QUMJTY 
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TABLE 6.4 VARIABLES IN SUBROUTINE "CMALPHA" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


MY1 

\ 

— 

Common 


MC 

M c 



Common 


NY1 

\ 

— 

Common 


NC 

N c 

— 

Common 


SHT 

S H 

ft 2 

Common 


SIM 

X 

— 

Common 


SLMH 

X H 

— 

Common 


SLMC 

— 

— 

Common 


SW 

s w 

ft 2 

Common 


TE 

t e 

— 

"CONSURF" 


QHQI 

n H 

— 

— 


QHWIP 

n H< 

P 

— 

"POWER" 


XBARCG 

X 

eg 

ft 

Common 


XBARFI 

X 

ac fixed 

ft 

— 


XBARFR 

*ac f 

free 

ft 

— 


XBARH 

X 

aC H 

ft 

— 


XBARW 

X 

ac w 

ft 



XBARWB 

XI 

i 

ft 

— 

ORIGINAL RAGE IS 
OP POOR QUALITY 

XNAC 

X 

nac 

ft 

Common 
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0 






a\3 

o ?* 00 



( 6 . 3 ) 


( 6 . 2 ) 


( 6 . 1 ) 


"CONSURP 1 


( 6 . 6 ) 


( 6 . 2 ) 


( 6 . 1 ) 


Flgura 6 . 5 : Flowchart for subroutina "CMALPHA" 
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Figure 6.5: Continued 
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ICC 

20C 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180C 

190 

200 

213 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330C 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 


SUBROUTINE CMALPHA (CMCLFI,CMAFIX,XBARFI,XBARFR 
&CMAFRE) 

WRITE (6,1000) 

REAL LN,MY1,NY1,MC,NC 

C0MM0N/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 
COMNON/HORTA IL/DLMC4H, AR H, SLMH, CBARH, SHT, CLAHP 
COMMON/ FUS/ ELF, DFU$,HC,WC,LN,ELTH,HH 
COMMON/UEIGHT/XBARCG, WEIGHT 
COMMON/NAC/XNAC 

C0MM0N/SHAPE/MY1 ,NY1 ,MC ,NC,ELC4W, OELTC, ELOOT 
COMMON/ FLITE/ ALPHA, EM,CL 
XBARH-ACEN (EM,ARH,SLMH,DLMC4H,CRCLH) 

XBARU=ACEM (EM,AR,SLM,DLMC4,CRCLW) 

CLAH=SLOPE ( DLMC 4H , SLMH, ARH, EM, CLAHP ) 

CLAW=SLOPE (DLMC4, SLM, AR, EM,CLAWP) 
CLAWB=CLAW*(1.-.25*(DFUS/B)**2.+.025*DFU$/B) 
CALL DOW NWS (DEPDAL) 

CALL POWER (DEHP,DQHQI) 

DEHPA=DEHP/ ALPHA 
DEPDAL=(1.-(DEP0AL+DEHPA» 

QHQIP=QHQI+DQHQI 
CALL MULTOP (ELF, DXACB) 

X8ARWB=XBARW+DXACB 

FACT=(CLAH/CLAWB)*QHQIP*(SHT/SW)*DEPDAL 

XBAR F 1= (XBARWB+F ACT *XBARH ) / ( 1 . + FAC T ) 

CMCLFI=XBARCG-XBARFI 

C LALPA=CLAWB +C LAH*QHQI P* ( SHT/ SW) *DEPD AL 

CMArI=CMCLFI*CLALPA 

CMF I =CMA F I *ALPHA 

CMFIX=CMFI+DCMTOT 

CMAFIX=CMF IX/ ALPHA 

IF (KSURF.EQ.1) GOTO 50 

CALL CONSURF (CHATE,CHDE) 

50 XBARFR=(XBARWB+FACT*XBARH*(1.-CHA*TE/CHD))/ 

&(1 .+FACT*(1 ,-CHA*TE/CHD)) 

CMCLFR=XBARCG-XBARFR 
CMAFR=CMCLFR*CLALPA 
CMF R=CMA F R*ALPHA 
CMFREE=CMFR+DCMTOT 
CMAFRE=CMFREE/ ALPHA 
WRITE (6,1050) XBARFI 
1050 FORMAT (10X,"XBARFI = 

WRITE (6,1060) CMCLFI 
1060 FORMAT (lOX/'CMCLFI = 

WRITE (6,1070) CMAFIX 
1070 FORMAT (10X,"CMAFIX = 

WRITE (6,1080) XBARFR 
1080 FORMAT (10X/'XBARFR = 

WRITE (6,1090) CMCLFR 
1090 FORMAT (10X,"CMCLFR = 

WRITE (6,1100) CMAFRE 
1100 FORMAT (10X, "CMAFRE = 

333 CONTINUE 
RETURN 
END 

Ffgur* 6.6: Lifting of subroutine "CMALPHA" 


",1F10.5) 

",1F10.5) 

”,1F10.5) 

",1F10.5) 

",1F10.5) 

M ,1F10.5) 


CMCLFR, 


(XU6WAL BAGE lb 
OF POOR QUALITY 
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10 FUNCTION ACEM (EMC,ARC,SLMC,DLMC4C,CRCLUC) 

20 REAL K1,K2 

30 RLMC4C=DLMC4C*. 01745 

40 SWPLE=ATAN(SIN<RIMC4C>/C0S(RLMC4C)+<1./ARC>*<(1.-SLMC)/(1.+SLMC))) 
50 SWPIL=SWPLE 

60 DIMENSION DD(6,7),AA(7),SS<6) 

70 DATA AA(1 ),AA(2),AA(3),AA(4),AA(5),AA(6),AA(7) 

80 8/0.,1.,2.,3.,4.,5.,6./,SS(1),SS(2),SS<3),SS(4>, 

90 &ss(5>,ss(6)/o.,.2,.25,.33,.5,i.o/ 

100 BETAM=SQRT(1.-EMC**2.) 

110 T$WPLE= (SIN (SWPLL) ) / ( COS (SWPLL) ) 

120 A=ARC*TSWPLE 

130 B=TSWPLE/BETAM 

140 IF(B.LE.1.)60 TO 1 

150 C=BETAM/TSWPLE 

160 B=2.0-C 

170 1 00(1,1)=. 1736-. 0645*8 

150 DD(1,2)=.253-.0311*B 

190 DD(1,3)=.335 

200 DD( 1,4) =.4217+. 0274*8 

210 DD(1,5)=.5042+.0594*B 

220 DD(1,6)=. 5858+. 0889*8 

230 DD(1,7)=.6814+.0929*B 

240 DD(2,1)=.1 586- . 08 *B 

250 OD(2,2)=.2862-.035*B 

260 PD(2,3)=.407 

270 DD(2,4)=.518+.0313*B 

280 DD(2,5)=.639+.055*B 

290 DD(2,6)=.745+.0718*B 

300 DD(2,7)=.8634+.0735*B 

310 DD(3,1)=.1784-.0752*B 

320 DD(3,2)=.299-.0325*B 

330 DD(3,3)=.4159+. 008*8 

340 DD(3,4)=.5409+.0368*B 

350 DD(3,5)=.6683+.054*B 

360 DD(3,6)=.7938+.065*B 

370 DD(3,7)=.9313+.0625*B 

380 DD(4,1)=.1823-.0844*B 

390 DD(4,2)=.325-.0406*B 

400 DD(4,3)=.4603-.0061*B 

410 DD(4,4)=.5904-.029*B 

420 DD(4,5)=. 728?+. 0464*8 

430 DD(4,6)=.8821+.0441*B 

440 DD(4,7)=1.0344+.0479*B 

450 DD(5,1)=.1939-.0757*B 

460 DD(5,2)=. 358-. 0364*8 

470 DD(5,3)=.5275-.0094*B 

480 DD(5,4)=.6944+.0183*B 

490 DD(5,5)=.8772+-0214*B 

500 DD(5,6)=1 .0346+. 032*8 

510 DD(5,7)=1.1856+. 0483*8 

520 DD(6,1)=.2675-.1001*B 


Figure 6.6: continued 
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530 DD(6,2)=.5118-.0648*B 

540 00(6,3)=. 7609-.r?38*B 

550 DD<6,4)=1. 0 

560 DD<6,5>*1. 2456-. 0028*8 

570 DD(6,6)=1.4989-.011*B 

580 DO (6, 7>=1. 7449-. 0195*8 

590 00 2 1*1,5 

600 K*I 

610 J=I+1 

620 L=J 

630 I F ( SLMC . GE . SS OO . ANO . SLMC . LE . SS (L ) ) GO TO 3 

640 2 CONTINUE 

650 3 00 4 11=1,6 

660 JJ=II+1 

670 M=II 

680 N=JJ 

690 IF(A.GE.AACM).AND.A.LE.AACN))GO TO 5 

700 4 CONTINUE 

710 5 D1=DD(K,N)-(AA(N)-A)*(D0(K,N)-D0(K,M) ) 

720 D2=DD(L,N)-(AA(N)-A)*(0D(L,N)-DD(L,M) ) 

730 0=02- (SS(L) -SLMC )*(D2-D1)/($$(L)-SSOO) 

740 XPACW=0*CRCLWC 

'SO IF (SLMC.GE..3) K1=-.571*(SLMC-2.751 ) 

760 K1=1 .5-.1475*SLMC-.625*SLMC**2 

770 K2=(.09396+.16246*SLMC+.02113*SLMC**2)*ARC*SWPL£ 

780 ACEM=K1*(D-K2) 

790 RETURN 
800 END 

10 SUBROUTINE MULTOP (LHNEW,DXACB) 

20 C0MM0N/WING/0LMC4,AR,SLM,B,CRCLW,CBARW,$W,CLAWP 

30 COMMON/ AERO/ EM, RHO,TAS 

40 COMMON/FUS/ELF,OFUS,HC,WC,LN,ELTH,HH 

50 COMMON/NAC/XNAC 

60 COMMON/SHAPE/MY1,NY1,MC,NC,ELC4W,DELTLC,ELOOT 

70 P0LY(X,C,C1,C2,C3,C4)=C+C1*X+C2*X**2.+C3*X**3.+C4*X**4. 

80 REAL LN,NY1,MY1,LT,ELF,LC0L0,LCNEU,NC,MC,LH,LHNEW 

90 OATA C0,C1,C2,C3,C4 /I .90,-1 .6958,1 .5759,-0.7292,0.1302/ 

100 OATA 00,01,02,03,04/6.2503,-23.0908,60.3553,-78.4540,38.2895/ 

110 CLAWM=SLOPE (0LMC4,SLM,AR,EM,CLAWP) 

120 QBAR=.5*RHO*TA$**2 

130 XLE = ELC4W - CCRCLW/4.) 

140 CRF = WC*CRCLW*(SLM-1.)/B +CRCLW 

150 OXI = XLE/5. 

160 SUM = 0. 

170 00 100 1=1,5 

180 XI = XLE - (DXI*0.5>- DXI*(I-1) 

190 IF(XI.LE.(XLE-LN>) GO TO 10 

200 WFI = WC*( (1 .-(((LN+XI-XLE) /LN)**NY1 ) ) **(1 ,/MYI ) ) 

210 GO TO 20 

220 10 WFI = WC 

230 IF(I.LT.5)G0 TO 20 

240 WFI = WC+XNAC 

250 20 XCF = XI/CRF 

260 OEDA = P0LY(XCF,C0,C1,C2,C3,C4) 

FIgur« 6 . 6 : coniinu#d 
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270 IF(I.GT .4) DEOA * P0LY(XCF,D0,D1,D2,D3,D4) 

230 DEDAI = DEDA*CLAWM/0.08 

290 100 SUM = SUM + (DXI*WFI*WFI*DEDAI) 

300 LT * ELF ♦ DELTLC * XLE - CRF 

310 DXI = LT/5 

320 tCNEW = ELODT * HC 

330 DO 200 1=1 , 5 

340 XI a DXI*(I-1)+(0.5*DXI) 

350 IFCXI.LE.(LT-LCNEW)) GO TO 30 

360 WFI = WC*((1 .-(((LCNEW+XI-LT)/LCNEW)**NC))**(1 ./MC)) 

370 GO TO 40 

380 30 WFI = WC 

390 40 LH a LHNEW-CRF+.25*CBARW+((B/6.)*(1 .+2.*SLM)/(1 ,+SLM)-WC/2.) 

400 RLMC4=DLMC4*. 01745 

410 $WPLE=ATAN(SIN(RLMC4)/C0S(RLMC4)+(1./AR)*((1.-SLM)/<1.+SLM))) 

420 **SIN($WPLE)/COS(SWPLE) 

430 CALL DOWNWS (DEPDAL) 

440 DEDAI = (1.-DEPDAL)*XI/LH 

450 200 SUM = SUM + (DXI*WFI*WFI*DEDAI) 

460 DMDA = (GBAR/36.5)*SUM 

470 DXACB * -1.*DMDA/CQBAR*CBARW*SW*CLAWM) 

480 RETURN 

490 END 


Figure 6*6: Continued 
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Figure 6.7: Comparison of predlcttd airplane pitching moment* 

with literature 
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* 

A flowchart of the program Is given in Figure 6.5 . A listing 
and a sample output are given in Figure 6.6. 

To check the validity of the program, a comparison was made 
with test data of Reference 6.2. The results are reproduced in 
Figure 6.7 for the stick-fixed case. To compute the moment about 
Xgg ■ .10c, use was made of the following equation: 

s.-v + 'm « 

0 a 


where 


was found from Reference 6.2 as (L * .04. 


As may be seen from Figure 6.7, the program works quite well. 
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Note: A flowchart of Subroutine "MULTOP" may be found in Reference 6.3. 
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CHAPTER 7 


DIRECTIONAL STABILITY 


7.1 INTRODUCTION 

Generally it Is quite difficult to calculate the lateral-directional 
aerodynamic characteristics. The vertical tail plane is the dominant 
factor and this surface is situated in a complex asymmetrical flow field 
behind the wing/fuselage combination. This chapter will describe some of 
the criteria important for the preliminary design phase. Also it will des- 
cribe some of the methods available for computation. 

7.2 DISCUSSION OF DESIGN CRITERIA 

The primary preliminary design criteria for the vertical tail are the 
following : 

1) The aircraft must possess positive directional static stability 
and the short-period later/directional oscillation must be 
well damped. 

2) After failure of the critical engine, the aircraft must remain 

controllable, in the case of multi-engine aircraft. 

To assure compliance with criterlum 1) , an adequate value for C , the 

“ft 

static directional stability parameter has to be provided. For single-engine 

subsonic airplanes the value for C is often found to lie between .04 and 

n B 

.10 (Ref. 7.1). A method for the estimation of the parameter C is discussed 

n B 

in section 11.16. 


7.1 




To comply with criterium 2) , the vertical tall has to be able to 

produce a certain minimum sideforce C to counteract the disturbing 

y V 

yawing moment of a stopped engine. In this case also the control-surface 
(i.e. rudder) parameters are important. A discussion of a method to compute 


these parameters is given in section 11.25 as well as in 11.14. A method 


to derive the minimum control speed, V , is given in section 8. 

MC 


7.3 REFERENCES 


7.1 Tbrenbeek, E. Synthesis of Subsonic Airplane Design 
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CHAPTER 8 


VMC ROUTINE 

8.1 INTRODUCTION 

will be defined in this chapter as the minimum speed at which level 
or slightly climbing flight is maintained with one engine out and the remaining 
engine at maximum thrust, in a steady state flight condition. 

The GASP program in its original form does not check for V„_. Three 
methods for determining were evaluated for inclusion into GASP: the method 

of Torenbeek (Ref. 8.2), and single-degree-of 'freedom and three-degree-of-freedom 
methods from Ref. 8.1. 

The method of Torenbeek was found to be similar to the first method from 
Ref. 8.1. Hand calculations and computer solutions for the methods of Ref. 8.1 
are presented in the following sections. 

8.2 SINGLE-DEGREE-OF-FREEDOM APPROXIMATION 

From Ref. 8.1, p. 5.37, the moment equation about the aircraft Z axis 
is given by: 


C 8 + C 6 a + 

n S \ R qSb 


S R - 


" n t 

- C, 0 “■ 
n B qSb 


( 8 . 1 ) 


( 8 . 2 ) 


To check the roll axis, the maximum sideslip angle reached if the pilot 
does nothing is given by: 

_ -n t 


S 


max 


C qSb 


6 


(8,3) 


and the aileron deflection required for this condition is given 


by: 


8.1 


(8.4) 


6 


A 



B 


max 


5 


A 


A HP-25 routine was written to allow a fast check calculation. A list 
of this routine is included as Table 8.1. The routine finds rudder deflection 
as a function of flight speed V; V is incremented by 0.5 mph after each 
iteration. The airplane used for a check case was a Piper Aztec. Input values 
and results are listed below. Input values are taken from Ref. 8.3. Runs were 
made for two values of sideslip angle, 0 deg. and 5 deg. (in a helpful direction). 
Bank angle is not taken into account by this method. 

Results by this method appear to be quite high. Maximum rudder deflection 
for the Aztec is 22 degrees, yielding a V of about 103 mph at B ■ 5°. This 
is 1.5 ( v stall^’ much hi 8her than the 1.2 Vg ta n requirement. From Ref. 8.4, 

V MC for the Aztec E, a later 250 hp version, is 80.6 mph. This large a prediction 
error is unacceptable for preliminary design, leading to the use of the three- 
degree-of-freedom method. 

8.3 THREE-DEGREE-OF-FREEDOM METHOD 


From Ref. 8.1, p. 5.38, if a fixed bank angle is assumed, the three 
remaining variables are 8, 6^, and 6 R ; these may be found by the following 
equations: 8.5, 8.6 and 8.7. 

Examining these equations, it is seen that in addition to the stability 
derivatives of the delta matrix, the necessary input variables are: weight, 

flight path angle y, bank angle <^, wing span and area, dynamic pressure q, 
rolling moment due to thrust and yawing moment due to thrust N^. 

Bank angle is the independent variable. Yawing moment due to thrust, 
N^, is found by adding the thrust of the remaining engine to the drag of the 
feathered propeller and multiplying by the engine moment arm, which is the 
lateral distance from the c.g. Rolling moment due to thrust is a function of 
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the thrust inclination angle and the aircraft angle of attack; at the angles 
of attack typical of low speed flight, the components of asymmetrical thrust 
and drag in the Z direction produce an appreciable rolling moment, in a 


direction which requires more aileron deflection and increases V^,. An 
additional rolling moment is produced by lift due to the slipstream for 
propeller aircraft. Flight path angle is found from the engine-out maximum 
rate of climb from GASP at an assumed forward speed of 1.2 V<, this 

approximation should be reasonable for most aircraft. 

8.4 COMPUTER ROUTINE 


Fig. 8.1 illustrates the variable definitions for V w _. 

Fig. 8.2 is a flowchart of the subroutine in the checkout state. Variables 
listed under "Input" are input interactively for checkout purposes. 

Referring to Fig. 8.2, the delta matrix and flight path angle are computed 
first because they are used in the computational loop which follows. Asymmetrical 
drag due to the failed engine is calculated for a propeller, turbojet, or 
turbofan. Thrust and drag are used to find the yawing moment. In the propeller 
case the POWER subroutine is called and returns a value for the additional lift 
due to the slipstream of the operating engine. The thrust rolling moment is 
then computed. Rudder deflection is computed and compared with the maximum; 
if the deflection is too great, the routine returns to Step 10 and increases 
forward speed by 0.2 fps. After the rudder deflection is brought down to the 
maximum, aileron deflection is checked in a similar manner. 

The routine assumes a symmetrical aircraft; i.e., no critical engine. 

Inclusion of engine rotation direction and P-factor was considered unnecessarily 
complex for this program; in addition, the difference in V^, due to torque and 
P-factor would usually be within the error due to other factors. A listing of 
the subroutine is included as Fig. 8.3. A variable list is included in Table 8.2. 
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COMPUTE 


A 

m 

COMPUTE 

CIIM9 

ANGLE 

z 


bags is 
of poor quality 


Figure 8.2: Flotchert for subroutine "VHC" 
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10 REAL NP,WAYAIL 

20 PRINT :"CY£,CLP,CF C " 

30 REAO: CYP,CLE,Cf'P 

40 PRINT :"CYDA,CLDA,CKDA”' 

50 REAO; CYDA,CLDA,CNDA 

60 PRINT :"€YDR,CLDR,CNDR" 

70 READ:CYDR,CLDR,CNDR 

80 PRINT :"VSTALL IN FPS.,CLALPHA IN RAD-1” 

90 REAO: VSTALL,CLALPH 

ICO PRINT :"WING AREA, WING SOPAN,ENG.SPAN/WING SPAN” 

110 READ: SW,Ey,BENGOB 

120 PRINT:”PRCP. EFF., WAX. HP. ONE ENG., MAX. THRUST” 

130 READ: NP,KPKSLS,THIN 

140 PRINT:”MAX. RUDDER DEFL., MAX. AIL. DEFL. IN DEG." 

150 READ: RUDDRM,MAXAIL 

160 PRINT: "GROSS WEIGHT, ONE ENGINE CLIMB RATE" 

170 READ:WG,RC3 

180 PRINT: "BANK ANGLE DEG." 

190 READ: BANK 

200 PRINT :"PROP. DIAM. IN FT, NUM8ER OF BLADES, THRUST INCL. ANGLE IN DEG" 

210 READ: DPROP,BL, THRANG 

215 PRINT:"IF JET ENGINE, ENTER 7,CTHERWISE ENTER 3" 

216 READrNTYP 

217 PRINT :"AV£RA6E NACELLE DIA." 

218 READ:DBARN 

220 DENS IT = 0.C023769 

230 FTY=0.0 

240 RUDDRM=RUDDRM/57.3 

250 MAXA IL=MAXAIL/57.3 

260 BANK = BANK/57.3 

265 THRANG=THRANG/57.3 

270 DELTA =CYB*CLDA*CNDR+CYDA*CLDR*CNB+CYDR*CLB*CNDA 

280 S-CNB*CLDA*CYDR-CNDA*CLDR*CY8-CNDR*CL8*CYDA 

285 AR6=(RC3*0.167)/(1.76*VSTALL) 

286 GAMMAsATAN(ARG) 

290 V * 0.6*VSTALL 

320 10 V * V ♦ 0.2 

330 0BAR=0.5*DENSIT*V**2 

331 ALPHA=WG/(OBAR*SW*CLALPH) 

332 IF<NTYP.LT.5)G0 TO 13 

334 12 FANDR=0.3722*DBARN**2*QBAR 

335 NT 1 = (BENG0B*BW*0 .5)*(THIN+FANDR> 

336 LT1=SIN(THRANG+ALPHA)*NT1 

337 GO TO 14 

340 13 PROPDR * QBAR*0.00125*BL*DPROP**2 

350 NT1 = (BENGOB*BW*0.5)*(HPMSLS*NP*550.0/V + PROPDR) 

351 C CALL POWER (SLI FT) 

360 LTIa NT1*SIN(ALPHA+THRANG)+SLIFT*BENGC8*BW*0.5 

370 14 R13=- (WG*SIN (BANK)*COS (GAMMA ) ♦ FTY)/CQBAR*SW) 

380 R23 a -LT1/(QBAR*SW*BW) 

390 R33 = -(NT1)/(QBAR*SW*BW) 

400 DRUDDR=(CYB*CLDA*R33+CYDA*R23*CNB+R13*CL8*CNDA 

410 &-CNB*CLDA*R13-CNDA*R23*CYB-R33*CLB*CYDA) /DELTA 

420 RaDRUDDR*DELTA 


Figure 8.3: listing of subroutine "VHC” 
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440 15 FCRMAT (?(F10.4,5X) ) 

450 IF(A3S<DRUDDF).GT.RUDDRM>GC TO 10 

460 VKC*V 

470 DAILER = (CYB*P27*CNDR+R13*CLDR*CNB'*'CYDR*CLB*R33 

4S0 8-CNB*R23*CYDR-R23*CLDR*CYB-CNDR*CLB*R13> /DELTA 

490 IF(ABS(DAILER).GT.MAXAIL)GO TO 10 

500 BETA s(R13*CLDA*CNDR+CYDA*CLDR*R23-R33*CLDA*CYDR 

510 8-CNDA*CLDR*R13-CNDR*R23*CYDA) /DELTA 

520 VMC = VMC *0.681 8 

530 DAILER*DAILER*57.3 

540 BETA =BETA*57.3 

550 WRITE(6,20)VWC,DAILER,RETA 

560 20 FORMAT (/, ’VMC = ',F8.2,2X, 'MPH',//, 'AILERON DEFLECTION = ' 

570 82X, 'DEG',//, 'BETA = ',F8.2,2X,'DEG.’> 

575 STOP 

5?0 END 


VMC = 9? . IS MPH 

hILEPCN DEFLECTION = -13.67 DEC 

tETP = -7.44 DEC. 


Figure S.3: Continued 


TABLE 8.1 HP-25 ROUTINE FOR SINGLE OEGREE OF FREEDOM V M( . 


1 

R/S 

2 

ST01 

3 

R/S 

4 

ST02 

5 

R/S 

6 

ST03 

7 

R/S 

8 

+ 

9 

R/S 

10 

X 

11 

1 

22 

; 

13 

0 

11* 

0 

15 

X 

16 

R/S 

17 

+ 

18 

ST05 

19 

RCLS 

20 

RCIO 

21 

t 

22 

3 

23 

£ * 
f y 

2<» 

* 


25 

RCL1 

26 

* 

27 

CHS 

28 

RC12 

29 

CHS 

30 

♦ 

31 

RCL3 

32 

1 

33 

ST06 

3* 

f PAUSE 

35 

RCLO 

36 

• 

37 

6 

38 

8 

39 

2 

40 

X 

41 

f PAUSE 

42 

f PAUSE 

43 

• 

44 

7 

45 

3 

46 

3 

47 

STO+O 

48 

CT0 19 


F8.2, 
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table 8.2 VMC Variable List 


VMC Variable 

Symbol 

Description 

Units 


ALPHA 

a 

Angle of Attack 

rad 

Internal 

BANK 

♦ 

Bank Angle 

deg. 

Input 

BENGOB 

b „ 

Engine Span over Wing 
Span 

- 

Input, Common 

BETA 

8 

Sides! ip Angle 

rad, deg. 

Output 

BL 

- 

Number of propeller 
blades 

- 

Input, Common 

BW 

b w 

Wing span 

ft. 

Input, Common 

CLALPH 

C L 

a 

Lift-Curve Slope 

rad" 1 

Input 

CLB 

% 

Rolling Moment due to 
Sideslip 

rad 1 

Input 

CLDA 

\ 

Rolling Moment due to 
Aileron Deflection 

rad 1 

Input 

CLOR 

\ 

Rolling Moment due to 
Rudder Deflection 

rad 1 

Input 

CNB 

\ 

Yawing Moment due to 
Sideslip 

rad 1 

Input 

CNDA 

\ 

Yawing Moment due to 
Ai leron 

rad 1 

Input 

CNOR 

\ 

Yawing Moment due to 
Rudder 

rad" 1 

Input 

CYB 


Side Force Coefficient 
due to Sidesl ip 

rad 1 

Input 

CYDA 

c v, 

6 a 

Side Force Coefficient 
due to Aileron 

rad 1 

Input 

CYDR 

% 

6 r 

Side Force Coefficient 
due to Rudder 

rad 1 

Input 

OAILER 

5 a 

Aileron Deflection 

rad, deg. 

Output 
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Table 8.2 VMC Variable list (continued) 


VMC Variable 

Symbol 

Description 

Units 

Type, Origin 

DBARN 

^NAC 

Mean Nacelle Diameter 

ft 

Input, Common 

DELTA 

A 

Determinant of Delta 
matrix 

- 

Internal 

DENS IT 

P 

Air density 

si ugs/ft 3 

Internal 

DPROP 

°p 

Propeller Diameter 

ft 

Input, Common 

DRUDDR 

5 r 

Rudder Deflection 

rad, deg. 

Internal 

FANDR 

- 

Drag of Windmilling 
turbofan 

lb 

Internal 

GAMMA 

y 

FI i ght Path Angle 

rad 

Internal 

HPMSLS 

HP 

max 

Maximum sea-level 
horsepower 

hp 

Input, Common 

LT1 

\ 

Thrust Rolling Moment 

ft lb 

Internal 

MAXAIL 

5ft max 

Maximum Aileron 
Deflect ion 

deg 

Input 

NP 

n p 

Propeller Efficiency 

- 

Input 

NT1 

\ 

Yawing Moment due to 
Thrust 

ft lb 

Internal 

NTYE 

- 

GASP Engine type 
indicator 

- 

Common 

NTYP 

- 

GASP Propul sor type 
indicator 

- 

Common 

PROPDR 

- 

Drag of feathered pro- 
peller 

lb 

Internal 

R13.R23.R33 

- 

Matrix elements 

- 

Internal 

RC3 

- 

Engine-Out Rate of 
Climb 

ft /min 

Input, Common 

SW 

s w 

Wing Area 

ft 2 

Input, Common 

THRANG 

- 

Thrust inclination angle 


Common 
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Table 8.2 VMC Variable List (continued) 


VMC Variable 

Symbol 

Description 

Units 

Type, Origin 

V 

V 

Velocity 

ft/sec 

Internal 

VMC 

V MC 

Minimum engine-out 
control speed 

ft/sec, mph 

Output 

VSTALL 

V 

s 

Stall speed 

ft/sec 

Input 

WG 

w 

G 

Gross Weight 

1 bs. 

Input, Common 


8 * 5 HAND CALCULATION 

With the aid of an HP 25 calculator a handcalculatlon was done for 
airplane C. See Appendix C for a threeview and data. Table 8.3 shows the 
results of the calculation. Comparison with the computer-run indicated 
perfect agreement. 


TABLE 8.3 RESULTS HANDCALCULAT 1 ON 


6 - o' 4r 

V MC 

deg 

mph 

41.3 

89.1 

37.7 

91.8 

35.8 

93.6 

33.5 

95.7 

29.0 

100.4 

26.7 

103.1 

22.1 

110.0 

• & R 

deg 

38.0 

36.6 

32.0 

29.2 

26.7 

22.3 

21.5 . 

8-5 R 

V MC 

mph 

88.0 

89.0 

92.5 

95.0 

97.5 

102.5 

103.5 


8.6 RESULTS 

Check-runs were made for airplanes A, C and H for various banke.igles. 
The results are shown in Table 8.4. Also a comparison was made with avai- 
lable testdata, again see Table 8.4. Figure 8.4 shows the dependency of 
on bankangle, the data used were for airplane H. It may be concluded 
that V^g Is computed with reasonable accuracy. 
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TABLE 8.4 RESULTS COMPUTER-RUNS 



Airplane A C H 

V MC , mph 

Subr. "VMC n 103.5 83.9 9*. 2 

: Testdata --- 80.6 97.8 
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CHAPTER 9 


ROTATION SPEED 


9.1 INTRODUCTION 

The speed at which the aircraft rotates at takeoff, V R , is 
calculated using a method from Reference 9.1. This method was 
originally developed by Perry (Ref. 9.2) and is based on a constant 
rate of pitch-up after lift-off. The advantage of the method is 
that it is representative of piloting techniques used in civil 
aviation since pitch angle can be directly observed, contrary 
to lift coefficient. The equations of motion are linearized by 
assuming V - constant and (T - 0) - constant. 


9.2 DERIVATION OF EQUATIONS 

There are certain criteria concerning the speed during the 
takeoff (Ref. 9.3). The most important are the following: 

• V R The rotation speed is the speed at 

which the pilot raises the nose wheel. 
Where is the decision speed. 


V R^ V 1 


V 1 - 05 **# 


'R 


Where V w __ is the minimum speed for 
control during engine out cases. 
Should be chosen such that is 
reached at 35 ft, taking into account 
the speed increment, AV, between V_ 


and V^. 


V 2 - 1.2V S 


LOF 


V S is the 1-g stall speed. 

Is the speed at which the landing gear 
leaves the ground. 
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All engines or : 


V LOri l-1V MD 


V LOF — **^ V MU ^° r en 8* ne out conditions, where 

V„, T is the minimum unstick speed, 

MU 

or the minimum speed at which the air- 
craft is still controllable when it 
leaves the ground. 

For low T/W ratios, V and V _ may be increased to ensure positive 
climb gradient. 

Figure 9.1 shows a schematic diagram of the takeoff. 





V ROT 

k- v ■ 

1 

1 

V LOF 

V 2 

‘ f V 

1 |l 

1 | 

X , 

a 

W 1 
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J-Lf 1 

_ir 

1 

Si 

gi 

S l 

1 s 

fit. 1 

l\ i ^ 

3} “ 

GROUND | | i 1 1 

1.1,1. J 

l 

j "LOF j ”1 

1 j 


Figure 9.1: Taka-off parameter a. 


9.2.1 ROTATION PHASE 

Assuming that the acceleration along the X-axis during the 
rotation phase is equal to the value at lift-off and assuming a 
mean rate of rotation about the Y-axis (d9/dt)^, it may be found 
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for che rotation distance: 


Sr * 1/2 (V R + '(de/d"t) R * 

where: ^Qp* The angle of attack at which lift-off 

occurs; this follows from the C. - a 

L 

curve in ground effect. 

The speed at lift-off may be calculated as follows: 

\of - w - V* { ¥ } lof wmf; 


(9.1) 


(9.2) 


The rotation rate (d6/dt) R depends mainly on elevator power and 
moment of inertia about the Y-axis. As an average value 4.6 deg/sec 
may be taken (Ref. 9.1). 

9.2.2 AIRBORNE PHASE 

The speed increment from lift-off speed to the speed at 35' 
may be obtained from the energy equation: 


a 2 v - 


8(S 


LOF 


S l> 


LOF 


r T-D 
1 W 


35 


S LOF + V 


(9.3) 


The r'rborne distance is composed of two phases: 

• A flare-up, the flight path angle increases from zero 

during the ground run to y at V., 

2 1 

• A phase with constant climb angle y^. 

The calculations for this part of the takeoff are based on Perry's 
method (Ref. 9.2). Perry based his method on numerous observations 
of takeoffs concerning light as well as heavy aircraft. From these 
observations functions were derived that describe the path of the 
aircraft after lift-off. Using these functions, it is possible to 
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calculate the gain in height and the flight path angle during 
flare-up . 

The gain in height after lift-off is given by: 


h 


V 

LOF T - D 
g W 


F(0) F(h) 


where : 

F(0) 


1 + 


V 

LOF W 
2g T - D 


(") 

v dt' 


A 


(9.4) 


(9.3) 


n 


a 


dC. 


L/da 




(9.6) 


F(h) is a non-dimensional function of height; 
may be determined from Figure 9.2. 

The rotation rate during flare-up may be approximated by using a 
value of (d0/dt)^ of 2-3° /sec for the engine failure case and 
5° /sec for the all- engine case. 

The climb-angle during flare-up is given by: 


Y * fr * F( ® ) f(y) (9,7> 

where: F(y) is a nor-dimensional flight-path 

angle function depicted in Figure 9.2. 

The end of the flare-up is reached when y “ Y 2 (f° r en gi ne out 
case) or y * y^ (for the all-engine case). 

It should be noted that y^ can only be calculated when 
is known. Also, the functions F(h) and F(y) are a function of 
the distance traveled after lift-off. The calculations are therefore 
iterative. 

By using Rp 65 curve fitting routines, the following set of 
formulas was found to fit the curves in Figure 9.2: 


owe ■“‘•iffirr 

OF POOR Q UAUi 
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(9.8) 


F(h) - (-.01867 - .02682 X f + . 21233 X f 2 ) + 

+ l'(3 - n Q ) (.0023 + , 0543[X f - .5])} 

F(y) • (-.09813 + .56022 X f - .06661 X f 2 ) + 

+ ((3 - n fl ) (.009 + .0468 [X £ - .4])} 

where : g « s 

A f 2 

V 

LOF 

and e Is the total distance from lift-off. 


(9.9) 

(9.10) 



B* 0 ?, 


© 




O* 




71gurt 9. 2s Ths functions F(h) snd F(y) ussd in 
Perry's rsthod for ths snslysls of ths tJrborns 
psth (Dsrivsd from rsf. 9.2) 
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9.3 PROGRAM DESCRIPTION 

A flowchart of the program is shown in Figure 9.3. Figure 9.4 

depicts the listing of the program. Included is a sample output 

for the airplane A. Table 9.1 defines the variables. 

The lift-off speed is set slightly below the stall speed. The 

rotation rates (dQ/dt)^ and (d9/dt)^ have default values .08 rad/sec 

and .04 rad/sec, respectively. Since these parameters are of prime 

importance for the rest of the calculations, they can be set at any 

other value that suits more closely the configuration considered. 

(A routine that calculates these parameters as a function of inertia 

along the Y-axis and elevator control power may be useful.) The 

lift-off speed is incremented by 2.5 ft/sec. The lift-coeificient at 

this value of lift-off speed is calculated, using an increment in 

2 

normal acceleration of .05 ft/sec . If this value of the lift 

coefficient is greater than the maximum lift coefficient (without 

ground-effect), the lift-off speed is incremented. The angle of 

attack in ground effect is calculated by subroutine "GROUND". For 

the calculated value of the lift-off speed, the value of (T-D)/W 

is calculated, using data obtained via "COMMON". Now the rotation 

speed is calculated. A check is made to see if the rotation speed 

exceeds the speed for minimum control on the ground; if so, the 

lift-off speed is incremented and above procedure repeated. In 

the current setup, the V M , is defaulted at .95 V e . Now the 

ML GR0UND S 

rotation distance is calculated. The total distance traveled so far 
is incremented for the next loop in the program: the airborne phase. 

Via subroutine "GROUND" the value for the lift curve slope is calcu- 
lated. At this stage the functions F(y) and F(h) are calculated. 
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from the height and the climb angle. The lift-off distance S^ 0 p 
is incremented till the climb angle equals the climb angle for the 
speed V^. (V 2 - 1.2 Vg.) The distance needed to climb to 35' 

is calculated. Then a check is made for the speed at 35'; if this 
is lower than V 2 , then the lift-off speed is incremented again and 
the complete procedure repeated till V 35* * 1 * 2 V 


9.4 TEST-RU N 

The data for the testruns were found in Reference 9.4. The 
testrun was done for airplane A, see Appendix C for data. 

WEIGHT DEPENDENT DATA: 

W = 9000 lb W 

fps V c 


(T-D)/W x 


152 

.13 


LIFTOFF 
(T-D)/W 35 , - .13 


D 

°L 


.079 

.97 


(T-D)/W. 


LIFTOFF 
(T-D)/W 35 , - .071 


11400 lb 
175 fps 

.071 


D 

C L 


.0854 

1.163 


Figure 9.4 shows the computer output for both runs. 


TABLE 9.1: VARIABLES IN SUBROUTINE ROTSPEED 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS /DEFAULT 


A1 

— 

.-1 

rad 

— Dummy 

ALPHA 

a 

rad 

Common 

ALPGR 

°g 

rad 

— 

ALPL0F 

°L0F 

rad 

— 
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TABLE 9.1: VARIABLES IN SUBROUTINE ROTSPEED (continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS/DEFAULT 


B0DANG 

°bGR 

rad 

— 


CD 

s 


Common 


CL 

C L 

— 

Common 


CLL0F 

\0F 

— 

— 


DCLDAG 

ac l 

a GR 

— 



DELTS1 

ASi 

ft 

— 

10 

DELTV1 

AV 1 

ft/sec 

— 

2.5 

DTDTA 

(d0/dt) A 

rad/sec 

— 

0.087 

DTDTR 

(de/dt) R 

rad /sec 

— 

0.087 

EYEW 

i 

w 

rad 

Common 


FG1 

— 

— 

— 

Dummy 

FGAM 

F(y) 

— 

— 


FH 

F(h) 

— 

— 


FH1 

— 

— 

— 

Dummy 

FTHD0T 

F(6) 

— 

— 


G 

8 

2 

ft/sec 

— 

32.1741 

GAMMA 

Y 

rad 

— 


GAMMA2 


rad 

— 


HAC 

h ac 

ft 

— 


HEIGHT 

H 

8 

ft 

Common 
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TABLE 9.1: VARIABLES IN SUBROUTINE ROTSPEED (continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS /DEFAULT 

HI 

h l 

ft 

— 


L r L 3 

— 

— 

— 

Dummy 

NALP 

n 

a 

.-1 

rad 

— 


RH0 

P 

2 A 

lb sec /ft 

Common 


SI 

s i 

ft 

- — 


SAIR 

S AIR 

ft 

— 


SL0F 

S LOF 

ft 

— 


SN 

n 

ft/sec 2 

— 


SR0T 

S ROT 

ft 

— 


ST0T 

S TOT 

ft 

— 


SW 

Sw 

ft 2 

Common 


T 

T 

lb 

Common 


TD0W 

T-D 

W 

— 

— 


TDOWL0 

(™) 

LIFTOFF 

— 

— 


V2 

V 2 

ft/sec 

— 


V12 

— 

— 

— 

Dummy 

VL0F 

V LOF 

ft/sec 

— 


VMCG 

V 

MCG 

ft/sec 

— 

.95 V $ 

VR0T 

V 

ROT 

ft/sec 

— 


VSTALL 

v s 

ft/sec 

Common 

ORIGINAL RAGE lb 
OB POOR QUALITY 

W 

w 

lb 

Common 


XF 

x f 

- — 

— 

Dummy 
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1 

2 

3 

4 

5 

6 

IOC 

20C 

30C 

40C 

50C 

60 

70 

80 

90 

95 

96 
100 
105 
110 

115 

116 
117 
130 
140 
145 
150 
155 

159 

160 
161 
162 
170 
180 
181 
182 
185 
190 
195 
200 
210C 
220 
223C 
224C 
225C 
228C 
230 
235 
240 
250 
258 
260 


DATA VSTALL, EYEW, BODANG/1 68 . 9 > .044 , .0/ 

DATA SN,W,RH0,SW/0. , 11400. ,.0023769,231.77/ 

DATA HEIGHT, ALPHA , TDOWLO/2. 7, . 124, . 122/ 

DATA A 1,TD0W,T, CD, CL/5. 114, .096,2000. ,.0854, 1. 163/ 

DATA VMCG,CLMAX/0. ,1.32/ 

DATA DTDTR,DTDTA/ .09 , .04/ 

SUBROUTINE ROTSPD (VROT) 

THIS SUBROUTINE CALCULATES THE ROTATION 
SPEED, ACCORDING TO THE METHOD OF TORENBEEK. 

WRITE (6,5) 

5 FORMAT (10X,”KU-FRL DEVELOPED SUBROUTINE FOR CALCULATION”) 
WRITE (6,6) 

6 FORMAT ( 1 0X , ” OF THE ROTATION AND THE LIFT-OFF SPEED”) 

WRITE (6,4) 

4 FORMAT (10X,"TESTRUN FOR LEARJET MODEL 26”///) 

REAL NALP 

VLOF sVSTALL-2 . 5 

L 1=0 

L2=3 

L3=0 

G=32. 1741 

IF (DTPTR.EQ.O. ) DTDTR=0.08 
CONTINUE 

IF (DTDTA.EQ.O.) DTDTAsO.OA 
ALPGR=EYEW+BODANG 
GO TO 20 
2 CONTINUE 
L3=L3+1 

IF (L3-GT.20) GO TO 3 
20 CONTINUE 

VLOF =VL0F+2. 5 
L1=LU1 

IF (L1.GT.15) GO TO 12 

IF (SN.EQ.O.) SN=1 . 05 

CLLOF =2. *SN*W/(RHO*SW* (VL0F**2. ) ) 

IF ( CLLOF. GT.CLMAX) GOTO 20 

HAC=HEIGHT 

CALL GROUND 

ALPLOF =ALPHA 

COMPUTATION OF ROTATION SPEED AND DISTANCE 
TDOWLO=(T-D)/W 

VROT=VLOF-G*TDOWLO*( ( ALPLOF-ALPGR)/DTDTR) 

IF (VM CG.EQ.Q.) VMCG=. 95*VSTALL 
IF (VROT.LT.VMCG) GO TO 20 

SROT=. 5*( (VROT+VLOF)*( (ALPLOF-ALPGR )/DTDTR ) ) 

41 CONTINUE 
SLOFsO. - 


Figure 9.4: Listing of subroutine "ROTSPO” 
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270 

30 

271 


272 


280 


285 


290C 


300 


310 


313C 


3 1 4C 


315C 


31 6C 


3 1 7C 


318C 


320 


330 


340 


341 


350 


351 


360 


370 


380 


390 


408 

50 

409 


410 


420 


424C 


425C 


426C 


430 


440 


445 


446 


450 


451 


461 


464C 


465C 


466C 


470 

90 

475 

74 

476 

81 

477 


480 

3 

481 

86 

482 


486 

12 

489 


498C 


499 

100 


CONTINUE 

L2=L2+1 

IF (L2.GT.50) GOTO 74 
SLOF sSLOF+1 0 . 

HACsH 1 
CALL CLIFT 
OCLDAGsAI 
NALPsDCLDAG/CLLOF 

THE FOLLOWING FORMULAS ARE HP-65 CURVE 
FITTINGS FOR FIG. 9.2 (REF 9.1), USED 
FOR COMPUTATION OF HEIGHT AND CLIMB- 
ANGLE DURING PITCH-UP 

FTHDOTsI . + (VLOF/ (2 . *G ) )*( 1 . /TDCW) *NALP*DTD*i A 
XF =G*SLOF/ (VLOF* *2 . ) 

FH1 =(-. 01 367-. 02682 *XF+. 21 233 *XF**2 . ) 
FHsFH1+((3.-NALP)*(.0023+.0543*(XF-.5))) 

FG1=(-. 0981 3+.56022*XF-. 06661 *Xr**2. ) 

FGAMrFG1+((3.-NALP)»( . 009+ . 0468 *(XF- . 4 ) ) ) 

GAMMA=TDOW*FTHDOT*FGAM 

GAMMA2= (T/ W-CD/CL ) 

IF (GAMMA. LT.GAMMA2) GOTO 30 
H 1 = (VL0F**2 . /G ) *TD0W*FTHD0T*FH 
CONTINUE 
L2=0 

SI =(35. -HI )/GAMMA2 
STOT =SR0T+SL0F+S 1 

CHECK FOR V2 AT 35 FEET 

V2=VL0F+( (G*(SLOF+S 1 )/VLOF) *(TDOW-35. / (SLOF+S 1 ) ) ) 

V12=1 . 2*VSTALL 
L 1 =0 

SAIR=STOT-SROT 
IF (V2.LE.V12) GO TO 2 

GO TO 100 

WARNING MESSAGES 

FORMAT ( 10X , "MORE THAN 15 ITERATIONS IN GROUNDROTATION" /// ) 
WRITE (6 81 ) 

FORMAT ( 1 0X f w MORE THAN 20 ITERATIONS IN LIFT-OFF PHASE”///) 
GO TO 50 
WRITE (6,86) 

FORMAT ( 1 OX , ” ITERATION FOR V2 EXCEEDS LIMITS”///) 

GO TO 100 
WRITE (6,90) 

G0 T0 41 tt. 

RETURN ORIGINAL lAGBia 

CONTINUE OP POOR QUALIDfl 


Figur* 9. continued 
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OUTPUT DATA 


504C 

505C 

506C 


507 

508 

109 

WRITE (6,109) W 
FORMAT ( 1 0X, "WEIGHTs 

" , 1 F 1 0 . 2 , " 

LB"//) 

510 

511 

101 

WRITE (6,101) VROT 

FORMAT (1 OX, w ROTATION SPEED: 

", 1F10.2," 

FPS"//) 

512 

513 

102 

WRITE (6,102) VLOF 

FORMAT ( 1 0X, "LIFT-OFF SPEED: 

" , 1F10. 2, " 

FPS"//) 

514 

515 

103 

WRITE (6,103) V2 

FORMAT (10X, "SPEED AT 35 FT: 

WRITE (6,104) SROT 

FORMAT (1 OX, "ROTATION DISTANCE: 

" , 1F10. 2, " 

FPS"//) 

516 

517 

104 

" , 1F10.2," 

FT"//) 

518 

519 

105 

WRITE (6,105) SLOF 

FORMAT (10X, "LIFT-OFF DISTANCE: 

WRITE (6,106) SI 

FORMAT (1 OX, "CLIMB-OUT DISTANCE: 

", 1F10.2," 

FT"//) 

520 

521 

106 

", 1F10. 2," 

FT"//) 

522 

523 

107 

WRITE (6,107 )STOT 

FORMAT (1 OX, "TOTAL DISTANCE: 

" , 1 F 1 0 . 2 , " 

FT"//) 

524 

525 

108 

WRITE (6,108) SAIR 
FORMAT (10X, "AIR-DISTANCE: 

WRITE (6 87 ) 

FORMAT ( 1 0X , "***END OF SUBROUTINE 

" , 1 F 1 0 . 2 , " 

FT"//) 

530 

531 

87 

ROTSPD***"///) 


540 

550 


STOP 

END 




KU-FPL DEVELOPED SUBROUTINE FOR CALCULATION 
OF THE ROTATION AND THE LIFT-CFF SPEED 
TESTRtJN FOR LEAR JET MOTEL 26 * 


WEIGHT* 

11 4 CO. 00 

l.B 

ROTATION SPEED® 

£05.4? 

FPS 

LIFT-OFF SPEED® 

£07.50 

FPS 

SPEED AT 35 FT® 

£11.10 

FPS 

ROTATION DISTANCE* 

183.54 

FT 

LIFT-OFF DISTANCE® 

690.00 

FT 

CLIMB-CUT DISTANCE* 

129 .77 

FT 

TDTAL DISTANCE* 

1003.31 

FT 

AIR- DISTANCE* 

919.77 

FT. 


Flgur* 9.4: contlniMd 
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9.5 RESULTS AND DISCUSSION 


Figure 9.5 shows a comparison of calculated take-off speeds with 
flight manual data (Ref. 9.4). The data used in the calculations 
were found in Reference 9.5. As stated earlier, the parameters (d0/dt) 

R 

and (de/dt) A have a great influence on the results of the calculations. 
An increase in (d0/dt) A decreases the air distance, while an increase 
in (d0/dt) R increases the rotation speed. No data on actual pitch-up 
rates were available, but the ones used for the computation seem to be 
reasonable. The GASP run shows a lower and V2, mainly because of a 
low pitch-up rate during take-off. The air distances are all higher 
than actual values, but within 10%. Figure 9.6 shows the air distances. 



IS 









Gross Weight *** lbs 




CHAPTER 10 


INERTIA ROUTINE 


10.1 INTRODUCTION 

Moments of Inertia are used In the determination of the dynamic 
stability characteristics of an aircraft. The specific values needed 
for input into the dynamic stability routine are 1^, I^y, I^, and 
*XZ* re P resent i n 8 moments of inertia in roll, pitch, and yaw, respec- 
tively, and the XZ cross product. 

In its original form GASP does not compute inertias. Several 
ideas were cons: .ered for producing an inertia routine. It was 
determined that the ideal routine should use mainly GASP variables 
and compute inertias within + 10%. 

Inertia data were solicited from a number of airframe manufac- 
turers to provide baseline data. Data for 18 aircraft were graphed 
and examined for trends, in the hope that a modified statistical 
method could be derived. These are presented as Figure 10.1-3. This 
method did not produce the desired results. 

A trial run was made with a method from Reference 10.1. This 
method is relatively simple and provides the required accuracy; it 
was, therefore, chosen for inclusion into GASP. A description of 
the method and results follows. 

10.2 DISCUSSION OF METHOD 

The moment of Inertia of a body about its own axis of rotation 
is given by: 

I ■ / r^ dV (10.1) 


10.1 



,01 « II -V iWll* JNtftflV 


Figure 10,1; Statistical data for pitching moment of Inertia 
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(01 * *1 *W IwrWlMf 


Figure 10.2: Statistic* t data for rolling momant of Inartla 
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Ffgur« )0, 3? Statist? cal data for yawing momant of inart I a 
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where: r is the distance to a point front the 

rotation axis, and 
/ p^dV is the mass. 

The inertia thus obtained will be refered to as Iq, for a body about 
its own axis. This inertia may be transformed to a remote axis by 
the parallel axis theorem: 

I - I Q + mr 2 2 (10.2) 

where : 2 

r is the radius to the remote axis. 

In the detail design phase the aircraft may be broken up into 
several hundred sections to determine inertias. This is not practical 
in preliminary design. From the graphs of inertia data (Figures 10.1 
through 10.3) it is apparent that a purely statistical approach 
would be difficult. The method of Reference 10.1 combines some 
aspects of weight breakdown and statistical methods to produce rela- 
tively rapid results. 

The method of Reference 10.1 divides the empty aircraft into 
five major sections: 

1) Wing 

2) Fuselage 

3) Horizontal Stabilizer 

4) Vertical Stabilizer 

5) Power Plant (Engine and Nacelle) 

Mass and distance from the rotation axis are determined for 

2 

each section, resulting in the mr term of Equation (10.2); Iq's 
for each section are given by statistically based equations. 
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The inertias thus obtained are for the empty aircraft, gear up. 
Variable item inertias are estimated with formulas for standard 
geometric shapes. 

Formulas for the various Iq ' s are presented below. Figure 10.4 
illustrates geometric variables. 



a. Wing 
if: 
and: 


Figure 10.4 j AlrpUn* geometry 


Pitching Moment of Inertia, Iq v 

<» - I t-c* 2 + c b 2 + C c S + C c 2) 

(2) - fe(-c a 3 + c b 3 + C c 2 C b + C c C b 2 


OMfflNAL 

OF POOR QUAUTb 


+ C 3 ) (10.3) 

C 
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then: (3) - (2) - - ( ^- 


where: 




.5 <-C,_ + C„ ♦ C c ) 

is the smallest of the following values: 

V*"*!*. V anA LE B 

V 5 ! \* i 

is the intermediate value 
is the largest of these values 


(10.4) 


(10.5) 


then: 


I QY - .703 (3) 


(1C. 6) 


b. Wing Rolling Moment of Inertia, I 


OX 


x ox' 


Wh 

24 


\\+\/ 


(For value of K^, see Figure 10.5.) 


Kl 



Nota: 
X-axi t 
par am* tar 


(10.7) 


c6 w 


6 c. / 


Flgura 10.5: 

Parameter for Wing Rolling 
Hom an t of ln«rt ia f I 
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c. Wing Yawing Moment of Inertia, 1^^ 

* X 0X + X 0Y (10.8) 

d. Fuselage Pitching Moment of Inertia, I^y 


- M fus SK 2 l 3h C , L fus 

A 0Y 37.68 ^2L fus h c 

(For value of see Figure 10.6.) 


(10.9) 



Note: 

X-axis 

parameter: 


V 2 * X CGp 

V 2 


Figure 10.6: 

Parameter for Fuselage Pitching 
Homent of Inertia, I 


e. Fuselage Rolling Moment of Inertia, Iq^ 


fe 



(For value of K^, 
Fuselage Yawing Moment 


see Figure 10.7.) 
of Inertia, l Q? 


( 10 . 10 ) 


I 0Z “ X 0Y 


( 10 . 11 ) 


g. Horizontal Stabilizer Pitching Moment of Inertia, I„ 

if: (1) - r (-C 2 + C. 2 + C C. + C 2 ) 

6 a b c b c 

(2) " 12 ( *V + C b 3 + C c 2 C b + C c C b 2 + C c 3) (10 ’ 12) 
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X-axis Is 

parameter: W p 


Figure 10.7: Parameter for Fuselage Rolling 
foment of Inertia, I 


(3) 



(10.13) 


e: 


“h 


.5 (-C + C.+ C ) 
a b c 


(10. 14) 


is the smallest of the following values: 


b H tanA LEn 


V anA LE. 


V 


C t + 
H 


(10.15) 


C. is the intermediate value 

b 

is the largest of these values 
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i. Horizontal Stabilizer Yawing Uoment of Inertia, I 


02 


I * I + I 
^OZ 0Y 1 0X 


(10.18) 


j. Vertical Stabilizer Pitching Moment of Inertia, I 


0Y 


T 0Y " X 0X + X 0Z 


(10.19) 


k. Vertical Stabilizer Rolling Moment of Inertia, I 


OX 


X m 

ox 


My V K 5 


18 


2c_ c 


1 + 


Ry t. 


(C R. + C t >‘ 
*V V 


(For value of K^, see Figure 10.3.) 


( 10 . 20 ) 



Figure 10.9: Parameter for Vertical Tail Rolling 
Homant of tntrtfa, I 

°x 
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1. Vertical Stabilizer Yawing Moment of Inertia, I 


OZ 


if: (1) - f> (-C 2 + C 2 + C C. + C 2 ) 

o a t> c b c 


( 10 . 21 ) 


(2) - (-C 3 + C 3 + C 2 C. + C C. 2 + C 3 ) (10.22) 

xi a cbcb c 


(3) - (2) - 


(10.23) 


where: 


“v 


.s (-C a + C b + C c ) 


(10.24) 


is the smallest of thi following values' 


C R y ; b V tanA LE y ; C t v + b v tanA 
is the largest of these values 


(10.25) 


then: 


I 02 - .771 (3) 


(10.26) 


m. Power Plant Pitching Moment of Inertia, I 


0Y 


I nv - .061 7 M d M 2 + M L_ 2 +(M - M ) L., 2 | 

0Y |_ 4 p Nac e Eng p e Nac I 

n. Power Plant Rolling Moment of Inertia, Iq^ 

I nv - .083 M (L. 2 

OX p Nac 

o. Power Plant Yawing Moment of Inertia, Iq^ 

X 0Z “ X 0Y 


(10.27) 


(10.28) 


(10.29) 


K values are statistically based and presented in graphic form 
as Figures 10.5 - 10.9, reproduced from Reference 10.1. An equation 
was fitted to the K1 line with a power curve fit. K2 - K5 are linear 
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equations of the form y ■ mx + b. 


K1 - 1.2454 (XI - .585) 1,8438 + .64 

(10.30) 

where : 


XI • Y /{B'0.1667* (c_ + 2*c )/ (c_ + c.)} 

c «v R (^ t R t 

(10.30a) 

K2 - .98 - .915{(.5* f - )/(.5* f )} 

f 8 fus f 

(10.31) 

K3 * .07 + .186*^ (W f /W f ) 

S 

(10.32) 

K4 » 1.97*X2 - 1,055 

(10.33) 

where : 


X2 - /{b *0.1667(c + 2c )/(c + 

cg HT HT R HT C HT TIT 

c t )} 
HT 


K5 - 2.362*X3 - 1.134 


where: 


X3 



VT* 


(10.33a) 

(10.34) 


0.3333(c„ + 2c 

V 




VT 


)> 

(10.34a) 


Fuel and passenger inertias are not accounted for by the method 
of Reference 10.1. 

Assuming that all fuel is carried in the wing and tip tanks, 
fuel inertias may be approximated as follows: 

Referring to Figure 10.11, the fuel tank is assumed to start at 
the fuselage and continue a distance, bf ue ]/2» to a station, R. The 
fraction of the wing chord filled with fuel is given by 
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Figure 1 0.1 Os Fuel tenk geometry 


Fuel volume is assumed trapezoidal* Integrating over the trapezoidal 
volume with z, y, and r coordinates as shown, the inertia about the 
r ■ 0 plane is given by: 


x oxx ■ 2X / 0 Rr2 ‘ ,<Mir 

- 2X / 0 R r 2 p(Z 1 - Z x r + ZjrXYj - Y^ + Y 2 r)dr (10.35) 

Z^, Z 2 , Y^, Y 2 , and p are constants, allowing integration 
of the equation to yield: 

X 0XX * R 3 (0.0333pX 1 Y 1 +0.05pX 2 Y 1 + O.QSpX^+O.ZpX^) U0-36) 


ORIGINAL 1AGEJ& 
OF POOR QUALITY 
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Tha variables Z 2> Y^, and Y 2 are functions of known variables: 


Z x - (t/c r ~ t/c t )(l - W c /b w ) + t/c t C ; 
where: 

C 1 • -V (1 -VV +c t 

z 2 - (t/c r - t/c t )(l - b fuel /V + t/c t C t 
where : 


(c t 


- c t )(l - 


b fuel / V 


+ c. 


(10.37) 


(10.38) 


Y 

Y 
P 


1 

2 


c, t x C. 
fuel 1 

c- . x C» 
fuel 2 

3 

fuel density in lb/ft 
32.174 


(10.39) 


GASP approximates tip tanks as prolate spheroids. Tip tank 
variables are illustrated in Figure 10.11. 



Ffgur* 10.11: Tip tank gaomatry 


ORIGINAL WOElb 

OF POOR 
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The tip tank lateral location variable has a default value of b^/2; 
using other values drop tanks or nacelle fuel may be simulated. 

Iq inertias are calculated for tip tanks about the pitch and yaw 
axes by: 

I 0 - J (^y 2 -) 2 + (^y 2 -) | (10.40) 

using the Inertia formula for an elliptical body of revolution. 

1^ for the roll axis is considered negligible. 

Passenger inertia variables are illustrated in Figure 10.12. 



Passenger Iq's about the roll axis are found by assuming the passenger's 
mass to be uniformly distributed over a 4.3 by 1.5 ft. rectangle. Iq's 
in the pitch and yaw axes are considered negligible. 
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I's required for the dynamic stability derivatives are 
approximated by considering the I^'s t * ie ta *^ ! '» an< ^ c ^ e w * n 8 
where applicable. 


10.3 CHECK CALCULATIONS 

The sample aircraft of Reference 10.1 was used for a check 
calculation. See Appendix D for data. 

a. Wing Pitching Moment of Inertia I q Y 

C - 8.75 
a 

C - 17.08 

D 

C - 25 
c 

p - 27.98 

(1) - 5908.3 

(2) - 88370.4 

(3) - 13492.6 

I QY - 9485.3 slug ft 2 

b . Wing Rolling Moment of Ir.ertla I q^ 

I QX - 135546 slug ft 2 


c . Wing Yawing Moment of Inertia Iq„ 

*0Z “ I 0X + I 0Y * 1 ^ 5031 slu 8 

d. Fuselage Pitching Moment of Inertia I QY 

I QY - 311319 slug ft 2 

e . Fuselage Rolling Moment of Inertia Iq„ 


K3 - .98 

Iq X * 11899.9 slug ft 2 
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£ . Fuselage Yawing Moment f Inertia 1 ^.. 

'oz ’ I 0 Y - 311319 slu * t(2 

g. Horizontal Stabilizer Pitching Moment of Inertia, I QY 

C - 3.539 
a 

C b - 7.709 

C - 8.33 
c 

p * 4.97 

(1) - 149.61 

(2) - 837.4 

(3) » 117.2 
I QY * 90.38 • 

h. Horizortal Stabilizer Rolling Moment of Inertia, I q^ 


K4 * .72 
I.„ - 1723.8 

U. 

i . Horizontal Stabilizer Yawing Moment of Inertia, 


OZ 


X 0Y + X 0X 


1814.: 


j . Vertical Stabilizer Rolling Moment of Inertia, 1 ^ 


K5 - .93 


I 


OX 


188.6 


k. Vertical Stab i lizer Yawing Moment of Inertia, I ^.. 


C - 12.56 
a 

C b - 20.8 

C * 20.89 
c 
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0 - 0.64 


( 1 ) - 122.2 

(2) - 1815.17 


(3) • 213.6 


I 


OZ 


164.7 


l . Vertical Stabilizer Pitching Moment of Ir.gr tia, I QY 

" : OX + r 02 ’ 353 3 Sl “* ft2 

m. Power Plant Pitching Moment of Inertia. 1 ^., 


n. Power Plant Rolling Moment of Inertia, ,I q X 

I QX * 448.6 slug ft 2 

o . Power Plant Yawing Moment of Inertia, I q., 

3 0Z ■ 'OY • 2748 - 8 slu * ft2 
p ♦ Aircraft Cross Product Inertia, 1 ^. 




(X CG V > 



2892.1 



CG, 


(X, 


Wing 


CG } “w 
Wing 



0 


A comparison of these results with the results of Reference 10.1, 
as well as with the computer testrun output, will be done in Section 
10.4. 
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10.4 PROGRAM D T RIPTIOH 


The method described in Section 10.2 was transformed into a 
FORTRAN computer routine. Table 10.1 shows the computer variables 
as used in the program. Figure 10.13 shows a J ' ov chart of the pro- 
gram. A listing of the program as well as a sample output is 
shorn in Figure 10.14. A description and three-view of the aircraft 
used in the tests are given in Appendix D. 

TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" 


NAME 

ENG. SYMBOL 

nTXf^VCTrjM 

ORIGIN 

REMARKS 


AXIS 

s 

ft 

Common 

Major axis of 





tip tank. 

BENGOB 

b eng/ b W 

— 

Common 


BFUEL 

b fuel 

ft 

Common 


BHT 

b HT 

ft 

Common 


BVT 

b VT 

ft 

Common 


BW 


ft 

Co nano n 


BXIS 

b 

ft 

Common 

Minor axis of 





tip tank 

CA 

C a 

— 

— 


CB 

C b 

— 

— 


CC 

C c 

— 

— 


CGLG 

CG. r 

ft 

Common 

Radial distance 


LG 



from fuselage 





center line 

CFUEL 

C fuel 

ft 

— 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTa" (continued) 


NAME ENG. SYMBOL DE1ENSION ORIGIN REMARKS 


CHORD1 

— 

— 

— 

Dummy 

CHORD2 

— 

— 

— 

Dummy 

CON 

— 

— 

— 

Dummy 

CONST1 

— 

— 



Dummy 

C0NST2 

— 

— 

— 

Dummy 

CONST3 

— 

— 

— 

Dummy 

CRCLHT 

c* 

‘ iT 

ft 

Common 


CRCLVT 

Cr VT 

ft 

Common 


CRCLW 

*v/ 

ft 

Common 


CTHT 

o 

rt 

a 

ft 

Common 


CTVT 

c v 

ft 

Common 


CTW 

% 

ft 

Common 


DBARN 

d 

nac 

ft 

Common 


ELCG 

X CG 

ft 

Common 


ELCGH 

Hr 

ft 

Common 


ELCGV 

St 

ft 

Common 


ELF 

^fus 

ft 

Common 


ELN 

l 

nac 

ft 

Common 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" 


NAME ENG. SYMBOL DIMENSION ORIGIN 


ELTIP 

Hip 

ft 

Common 

ELUING 

XcG w 

ft 

Common 

ENGIOX 

X OX 

eng 

2 

slug ft 


ENGIOY 

I OY 

eng 

slug ft* 4 * 

— 

ENG IX 

x xx 

eng 

slug ft^ 

— 

ENGIY 

*yy 

eng 

n 

slug ft" 



ENGIZ 

r zz 

eng 

2 

slug ft 

— 

FUELD 

p fuel 

lb/gal 

Common 

FUSIOX 

Hus 

slug ft^ 

— 

FUSIOY 

x OY 

fus 

■> 

slug ft** 

— 

FUSiX 

r xx, 

fus 

2 

slug ft 

— 

FUSIY 

X YY 

fus 

2 

slug ft 

— 

FUSIZ 

I zz, 

fus 

2 

slug ft 

— 

GEARIX 

He 

2 

slug ft 

— 

GEARIY 

hx 

LG 

2 

slug ft 

— 

GEARIZ 

T zz r 

l»G 

2 

slug ft 

— 


(continued) 

REMARKS 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 
NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


HC 

h 

c 

ft 

Common 

HORIOX 

l0X HT 

2 

slug ft 

— 

HORIOY 

Hr 

2 

slug ft 

— 

HORIX 

Xi 

slug ft^ 

— 

HORIY 

Sn- 

HT 

2 

slug ft 

— 

HORIZ 

'“HI 

2 

slug ft 

— 

INERTX 


2 

slug ft 

— 

INERTY 

*YY 

slug ft^ 

— 

INERTZ 

l ZZ 

2 

slug ft 

— 

IOY 

— 

— 

— •— Dummy 

IROW 

— 

— 

Dummy 

IROW2 

— 

— 

Dummy 

IXXP 

I xx 

pax 

2 

slug ft 

— 

IXZ 

^Z 

2 

slug ft 

— 

IXZH 

XtT 

2 

slug ft 

— 

IXZV 

Xt 

2 

slug ft 

— 

IXZW 

X 

2 

slug ft 

— 

IYYP 

1 YY 

pax 

2 

slug ft 

ORIGINAL BAGE I fa 
OF POOR QUALITY 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 


IZZP 

r zz 

pax 

2 

slug ft 

— 


K1 

K1 

— 

— 


K2 

K2 

— 

— 



K3 

— 

— 


K4 

K4 

— 

— 


K5 

KS 

— 

— 


LENG 

l 

eng 

ft 

Common 


M 

M 

lb 

— 

Dummy 

MB 

W 

lb 

Common 


MBT 

U 

B 

slugs 

— 


MEP 

W 

pe 

slugs 

— 


MFTP 

U 

"fuel . 
tip 

slugs 

— 


MFW 

w, , 
fuel w 

slugs 

— 


MHT 

“ht 

slugs 

— 


MLG 

w 

LG 

slugs 

— 


MP 

W 

P 

slugs 

— 


MPA^S 

W 

pax 

slugs 

— 


MPLMAX 

W 

pax 

r max 

slugs 

— 


MTIP 

W 

tip 

slugs 

— 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA” (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


MVT 

W VT 

slugs 

— 


MW 

«W 

slugs 

— 


PAX 

N 

pax 

- — 

Common 

Excluding 

pilot 

PS 

P 

seat 

ft 

Common 


R 

— 

— 

— 

Dummy 

R1 

— 

— 

— 

Dummy 

RELP 

*CG /t (us 
eng 

— 

— 


RELR 

X CG, /l fus 

I US 

— 

— 

.33 

RHO 

p 

2 U 

lb sec /ft 

— 


SAB 

— 

— 

Common 


SAH 

— 

— 

Common 


SF 

S fus 

ft 2 

Common 


SWPLE 

S 

rad 

Common 


SWPLEH 

St 

rad 

Common 


SWPLEV 

St 

rad 

Common 


TCR 


— 

Common 


TCT 

t/c 1 1 

— 

Common 


TIPIOY 

IoY . 
tip 

2 

slug ft 

— 


HWPAX 

w 

pax 

lb 

Common 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


VERIOX 

St 

2 

slug ft 

— 


VERIOY 

St 

2 

slug ft 

— 


VERIOZ 

St 

slug ft^ 

— 


VERIX 

St 

2 

slug ft 

— 


VERIY 

St 

slug ft^ 

— 


VERIZ 

I zz„ 

VT 

slug ft^ 

— 


WAS 

W i 

aisle 

ft 

Common 


V7B 

\ 

lb 

Common 

Fuselage section 
weight 

WBT 

W B 

lb 

Common 

Fuselage weight 

WC 

w c 

ft 

Common 


WEIGHT 

w 

lb 

— 


WEP 

w 

pe 

lb 

Common 


VFIOX 

Suel 

slug 

— 


WFIX 

Su.1 

2 

slug ft“ 

— 


WFIY 

lyy 

fuel 

i c 2 

slug ft 

— 


WFTP 

W - . 

fuel , 
tip 

lb 

Common 


WFW 

w f n 

fuel w 

lb 

Common 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 






WHT 

HT 

lb 

Common 


WLG 

W 

LG 

lb 

Common 


WNGIOX 

H 

slug ft^ 

— 


WNGIOY 

H 

2 

slug ft 

— 


WNGIOZ 

H 

2 

slug ft 

— 


WNGIX 

S 

2 

slug ft 

— 


WNCIY 

X YY 

w 

slug ft^ 

— 


WNGIZ 

x zz 

2 

slug ft 

— 


WP 

w 

p 

lb 

Common 


WPLMAX 

w 

pax 

max 

lb 

Common 


WS 

w 

seat 

ft 

Common 


WTIP 

W , 
tip 

lb 

Common 


WVT 

VT 

lb 

Common 


WW 

W 

w 

lb 

Common 


XPILOT 

^pilot 

ft 

Common 


Y1 

— 

— 

— 

Dummy 

Y2 

— 

— 

— 

Dummy 

YCGENG 

^CG 

eng 

ft 

Common 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


YCGHOR 

St 

ft 

Common 

b HT 

YCGTIP 

s* 

ft 

Common 


YCGWNG 

s 

wing 

ft 

Common 

•IS b w 

Z1 

— 

— 

— 

Dummy 

Z2 

— 

— 

— 

Dummy 

ZCGHOR 

St 

ft 

Common 


ZCGVER 

St 

ft 

Common 

.6 b„„, 
VT 

ZCGWNG 

S 

ft 

Common 



Table 10.2 illustrates the comparison between the results of 
the hand calculation, the data of Reference 10.1, and the computer 
output for the test airplane K (see Appendix D for details). 


TABLE 10.2 COMPARISON OF INERTIA COMPUTATIONS 



KU-FRL 

"INERTA" 

Hand Calculation 

Ref. 10.1 

KU-FRL 

"INERTA" 

Computer 

M 

o 

sT 5 

9,485.3 

9,493.2 

9,443.9 

s 

135,546.0 

135,591.5 

135,861.6 

Iqz w 

145,031.0 

145,084.7 

143,305.5 
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TABLE 10.2 COMPARISON OF INERTIA COMPUTATIONS (continued) 



KU-FRL 

"INERTA" 

Hand Calculation 

Ref. 10.1 

KU-FRL 

"INERTA" 

Computer 

x 0Y f 

fus 

311,319.0 

311,473.4 

311,994.9 

I ox c 

fus 

11,899.9 

11,798.5 

11,191.9 

Hu. 

311,319.0 

311,473.4 

311,994.9 

Ho. 

90.4 

95.7 

90.3 

Ho. 

1,723.8 

1,774.9 

1,724.4 

X 0Z 

Hoz 

1,814.2 

1,870.6 

1,814.7 

H.tt 

353.3 

305.2 

339.3 

Her. 

188.6 

188.4 

189.2 

Her. 

164.7 

116.7 

150.1 

X 0Y 

eng 

2,748.8 

2,748.8 

2,761.8 

x ox 

eng 

448.6 

447.9 

448.6 

X 0Z 

eng 

2,748.8 

2,748.8 

1,966.8 


2 

NOTE: All inertias in slug ft . 


Table 10.3 gives the results of computer runs to determine the 
mass properties for several general aviation aircraft. Also given 
are manufacturers' data. 
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TABLE 10.3 INERTIA CALCULATIONS, COMPARISON 


AIRPLANE 

TYPE 

WEIGHT 

SOURCE 

*xx , 

SlUR ft* 

X 

ERR. 

: yy , 

slug ft 

X 

ERR. 

hi 

SlUR ft 

X 

ERR. 



c 

MVE 

INERTA 

MANF. 

650.6 

631.7 

2.9 

644.4 

661.5 

2.7 

1231.9 

1157.9 

6.0 

-25.96 

E 

MTOW 

INERTA 

MANF. 

697.8 


645.9 


1254.9 



F 

MWE 

INERTA 

MANF. 

829.6 

794.2 

4.3 

1860.2 

1571.3 

15.5 

2993.7 

2252.4 

24.7 

-1891.7 

F 

MTOW 

INERTA 

MANF. 

1215.2 

1551,4 

27.7 

1879.8 

1878.3 

.1 

3334.7 

3301.0 

1.0 


H 

MWE 

INERTA 

MANF. 

9467.5 

8846.0 

6.6 

13930.9 

14318.0 

2.8 

22076.5 

21830.0 

1.1 

-267.5 

H 

MTOW 

INERTA 

MANF. 

17512.7 

14884.0 

15.0 

21554.0 

20270.0 

6.0 

37267.6 

33836.0 

9.2 


A 

MWE 

INERTA 

MANF. 

6793.2 

6045.0 

11.0 

17260.9 

14948.0 

13.4 

22919.0 

19572.8 

14.6 

-1320.4 

A 

MTOW 

INERTA 

MANF. 

34319.6 


22561.9 


52960.9 




The average error in the computations is as follows: 



It may be concluded that the subroutine INERTA performs well 
within the accuracy required for preliminary design work. No data 


were available for comparison with the computations. 
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COMPUTE 

K 1# K 2 ,K 3i (10.30-3*0 


CONVERT 
WEIGHT TO 
HASS 


COMPUTE 

CONSTANTS 


CON * 7703 


CC - C0NST2 
CB - C0NST1 
CA - C0NST3 


CHECK- 1 


CA - C0NST2 
CB - C0NST1 
CC - C0NST3 


“TV.-C0NST3 


^onsti X + 

-C0NST2 


^CONSTI 

-C0NST3 


CA - CONST! I 


CC • C0NST1 


-^C0NST2X. ♦ 
-C0NST3 


C0NST2 

-C0NST3 


CB - C0NST2 
CC - C0NST3 


CB ■ C0NST3 
CC - C0NST2 


CA - C0NST3 
CB - C0NST2 


I CA - 


C3 - C0NST3 


Figure 10.13: Flowchart of subroutine M j NERTA* 
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1 w ' 
oY y 

3 

j 


COMPUTE 

1 V 

oX w 


(10.7) 


1 W »l w +1 . 

OXy OYy oZ, 



COMPUTE 

CONSTANTS 



SET 

CHECK 

» 

- 0 



RESET 

m-m h 

CON * .771 

j 



( 10 . 15 ) 


50 



do.M 


(10.3) 

( 10 * 6 ) 


'oZ y " 'oY 



COMPUTE 

'oX v 

( 


1 V 

oX v 

i 

+1 7 
o2 V 



COMPUTE 

PH 


COMPUTE 

*oX f 

fus 

■ 



(10*20) 


COMPUTE 
I 


'oY 


(io*9) 


( 10 . 10 ) 


(10.27) 


•ng 


COMPUTE 

L 


'ox 


(10.28) 


I , - I „ 
o/ H oY 


COMPUTE 
I 


oX, 


H 




COMPUTE 

CONSTANTS 


SET 

CHECK - 1 


RESET 


eng 


i 

O 


COMPUTE 

'yy,. 


Figure 10. 1 3 i contl nuad 


(10.17) 


(10.25) 
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COMPUTE 

FUEL 

INERTIAS 


COMPUTE 

PASSENGER 

INERTIAS 


COMPUTE 

TOTAL 

INERTIAS 


Figure 10.13: continued 
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icc ritsfcnt * 

v*" vc • "it f*i f **vt *» **r *H * 

.^C- U ft 1 #*'*-#* * # / *# wv # 

'•: '• ? l:;«x/ w/W/mp/w? ,?FEJ,LEi G,lfcESTX, 

4 * ucv # iNem # tt4m,ixz,z*^ # xxzy # 2KPAKUT,ty*?,2YYp # iz2P # tfAss 

Kl ! PPL I' E r TIA ROUTINE" 

RCRAFT rWE, TAIL TYPE: 1*T TAIL" 


“ f* 
«» *v 

PRINT:' 

hi 

PRIM:' 

?C 

PRINT:' 

3C 

FEAD:N 

vo- 

PRINT:' 

ice 

READ:! 

no 

PRINT 

120 

READS! 

130 

PRINT 

140 

REfiC :i 

120 

PRINT 

uc 

READ:! 

17C 

PRINT 

12* 

READ:! 

190 

PRINT 

- S' 

4Lt 

READ:’ 


C. ‘ U 

£FC 


c : j 

270 


290 

120 

310 

320 

330 

24C 

350 

:£c 

37C 

300 

350 

400 

410 

420 

430 

440 

450 

460 

47C 

400 

450 

SCO 


*Fl'$. LENGTH/ FUS. WETTED ARE^'/AV. DIA? 
.F/OF/HC 

*ELCG, ELWINC, ELCC-H, ELCGV" 
rs pi iJTvp ?l ffik* pi rev 


PI 1NT : "SV PLE / SVFLEV, SWPLEH" 

READ: SV PLE, EVPLEV, S'. ‘FLEW 

PRINT :"Ei.GINE PIA V ., ENGINE LENGTH, NACELLE LENGTH" 
READ : C“ARN,LENG,ELN 
PRINT :"RELP,RELR,ZCCVEF" 

READ:RELP,PEL?.,ZCGVER 

PRINT :"CGLG,ZCGWING,FUEL DENSITY/NT.PER PASS." 

K£AD:CGLG,ZCGWNG,FUELD,11'PAX 

PRINT: "FUEL TANK SPAN„TCR,TCT,V'C" 

READ :EFLEL, TCR,TCT,NC 
PRINT :"TIP T. LGTH.,DI"N." 

READ: AXIS, EXIS 
ZC€HCR=O.C 

?RIfT:"YCGTIP,PAX,WAS,Vr,PS,yPILCT,ELTIP,SAE" 
READ : YCGT IP, PAX,WAS, W$, PS, XPILCT/ELTIP, SAB 
I F ( UB T . EG . C ) WBT*WE +VCC +W C FV+W S A S +< > FE 
IF(SAH.EG.1)ZCGHCR= -BVT 
I F( YCGVNG . EG. 0) YC GVNG*C . 1 E*EW 
I F ( YC GHCR . EG . 0 ) YCGHOR =0 . 2*FHT 
IF(ZCGVER.EQ.C)ZCCVER=0.6*EVT 
IF(RELR.EC.C)RELRsG.?3 
Xl«YCGWNG/( BW*0 . 1 66 7* ( CR C LW+2 . P*CTU ) / 
?(CRCLW+CTV)) 

K1*(X1-Q.535>**1. 8438*1. 2454+0. 64 
<t*Q.93r0.515*(AES(G.5*ELF“RELR*ELF) /<0.5*ELF)) 
K3*C. 07+0.1 86* (HC*12)**{?.5*VE/ WET 
K4*1.57*YCGHCR/(BHT*0.1667*(CRCLHT+2*CTHT) 
*5/(CRCLHT+CTHT>)-1.055 

K5*2. 362*ZCGVEP/ (BVT *0. 3333* (CRCLVT+2+CTVT) 
4/(CRCLVT+CTVT))-1.134 


\ 


Figure 10.14s Listing of subroutine "INERTA" 
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jni 

Ml 






p.A : = 

• . 


-M§V 



: Fv ; T-HT*FKt>r3.yH : : 


♦ *.',*■ ;= 
=*- ! 4k -,=* r 

■ -\tu*WiLC /' 1 & 

"i ; 


! - :r.'VT*HVT732.t74 - : 

■ : : jii /,-■ -v‘ : > 


'•*^732.174 

v • ^ J ^ ;i s ’ j ^ ^ j 

350 


; . . ;■ - i 

56C 

PEP*WEP/?2.i?4 


! -S70 ' 

fipyfAX«WPtOAX/32,174 


- SCO 

fiFU«vr, 732.174 


^ 590 

»FTP»V?FTP/5?.174 


500 

f , TIP*WTIP/32.174 


SIC 

fjST^FT/32.174 v 

V\. ;/4|V . - 7 


SI 


620C 

6:ec 

HOC 

•|Sf ; 

'alll 

69C 

7 CC 

TIG 


?3C 

74C 
75C 
76r 
77C 
78C 
790 
ECO 

etc 

m 

330 
24C 
"5C 
?60 
£70 
cZD 
ESC 

soc 

910 

920 

930 

940 

950 110 
9 60 

970 120 

#* Art--. 

V^iJ 

990 

1CC0 


40 


7C 


90 


ICC 


K 2 ‘ K? M X 5 * 

MITE (6,51 kt ,K 2,KZ,M,KS 

CC. ST1*CRCU 

CCr$T2*£V* (S If (f • PLE ) / CCS CSVPLJT) ) *C . 3 
CCNST! *CTV+CCr-;CT2 
CCN=C.7C3 

CHECK*- f 

T F(CC»ST1.LE.CCNCT7)C: TO 9C 
IF<CCr ET1.U.CCFST3)GC TC.7C 
CC*CCfST1 

tF(CCf'ST2.U.CCF$T3)SC TC 60 
CA*CCfST3 
C2*CCf.ST2 
GO TC 120 
CA * CCNST2 
CS*C0NST3 
GC TC 12C 
CA * CCNST2 
CBsCOfSTI 
CC*CCNST3 
GO TO 120 

IF(CCNST1.LT.CCNST3)GC TC ICO 
CA*CCf'ST3 

cb*cc-$f? 

CC*CCf ST2 
GO TC 120 
CA*CCNST1 

IF(CCHST2.LT.CONST3)GO TO 110 
CE*CCf.ST3 
CC*CCNST2 
GO TC 120 
C6*CGNSTZ 
CC*CCNST3 
CONTINUE 

RHC*ft/(0.5*<-CA+C8+CC) ) 

I0Y*C0K‘*(RH0*0.G833*(-CA**3+C8**3-fCC**2*C?+CC*CB**2 

S+CC**3)-((RHC*0,1667*<-CA**2+CE**2'KC*CB+CC**2))**2/K>) 


Original rage is 

08 POOR quality 


Plgur* tO.tAt continual 
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. . . tfv ■ :>.?}: i. , ■*>. 

ur *:s v .c:cy*i:y 

-c;r- wrcicx*-‘u*f' **:*K:*c.‘4iT*((CFcy +:*CTv)/cCiiCLW4CTt )} 

1C4: ••?.(*: cz* ! ;r-cic y+*.j? gio: 

1C5C CCi'iZT1*;nCLHT 

<r$f CCNfTc*rHT*(SIK<SWFLEH)/CCS(SyFUK))*C.5 

107" CCF?T2*CT1 TKO-ST2 

1C?C CHECK=C 

lie: cc.N«o.77i 

me GC TC 50 

112“ 13C MORICY*ICY 

1170 HOR ICX#:FT*EHT**?*K4*C *C4 17* C ( CRCU?T*3*CTFT> / 

11/ r, :<CrCLHT+CTHT5) 

1150 KM I CZ*HC r.XCX+HCR ICY 

ii v* ccr : ti=cpclvt 

1171 CC"ST2«BVT*CSIf ! CSVPl.EV>/COS(SHM.6V))*0*5 

me C C *- 3 T ” =C T VT +C CFE T 2 

1190 CHECK*1 

120” " ! *"VT 

1'10 CC TC 50 

1220 140 VERIOZ*ICY 

1220 VEP.ICX=: V 'VT*nVT**2*r5*C.r556*(1+(2*CRCLVT*CTVT) 

1240 2/({CRCLVT+CTVT)**:>) 

125C VERICY*VEFICX+VEFICZ 

1 2,10 Fl ! SICY=^£T*SF*K2*0.n260*(7*HC/(2*SLF)+ELF/HC) 

1270 FU$ICX= : 'ST*K3*C.25*((S , F/(7.142*cLF) )**2) 

1?£Q Ef.‘GIOY s w.C51*(C.75*f'P*D3ARr**2+f1EP*LEf ! G**?+ 

1Z9C ?<fcP-REP>*ELN**2> 

1 3G C EF CIOX=0 . 023 *F P*D3ARN **2 

1110 V’i\GI Y«Wf.G I C Y+f’V* ( ELC G-ELV. 1 IFG>**2 

1320 l]FC-IX=WMGICX+f:W*YCGWMG**2+nTlP*YCGTIP**2 

1310 yFGIZ*f‘'W*YCGWFG**2+yNGICZ+fiTIP*YCGTIP**2 

1340 HORIY=KORICY+f‘HT*(ELCGH-ELCG)**2 

1250 H0RIX*H0RI0X+FHT*YCGHCR**2 

1260 p:riz»koricz+fht*celcgh-elcg)**2 

177G VERIY®VEPICY+f;VT*(ELCGV-£LCG)**2 

1320 VEriX=VEF.I0X+FVT*ZCGVER**2 

1290 VEF. IZ *VEP. I CZ+tf VT * ( ELC CV-ELC G) **2 

HOG FLSIYsFUSICY+(ELF*RELR-ELCG)**2*rGT 

1410 FUSIX=FUSIOX 

1420 FUSIZ=FUSIY 

1430 GEAP,IX a MLG*CGLG**2 

144C G£ARIY*GEARIX 

1450 GEARIZ«GEARIX 

1460 IXZW*(ELWING-ELCG)*ZCGWNG*n* 

1470 IXZH*(ELCGH-ELCG)*ZCGHCR*HHT 

142C iXZV a (ELCGV-ELCC)*(-ZCGVE?)*f'VT 

1 4 yy IXZ*IXZW+IXZH+IXZV 

1530 Ef.GIY a ENGICY+FP*(ELF*REtP-ELCG>**2 


Figure 10.14: continued 
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~"C.z)-=v' Ci*>'** F*(~s;.'<:z*Tv»r.. r )**? 

5 : cn*£* 61' Y+ T’* 'YCCc. C**r + CELr*SEkF-£tfC)**?> 

! ?2y I 1 F C TK«~ f GIX4FI iI“*F^Riy+V' , ‘iy^SP?Ty+G?^ f??K 

• *5<c lr ERTY*V U 01 Y4FUSI Y+MCR I Y+VE». I Y+£\C * Y4f ; fcAPZY 

1"5C :F£PT2*>'Mei24Ft?IZ+HCKIZ+VeF2l4Ef ! 6n+eEAFI2 

155C U£ZGNT»<f.W4t HT+fV T+p'PT+^P+MTt P+MLS) *3 2. 174 

1570 WRITE (6,166) WEIGHT 

1572 166 F OPF A T ( 1 GX," IN FRTI A J AT EHPTY WEIGHT CF: ",1Fir.2," L3"//) 

1575 WRITE (6,167) 

w 16? Fcr.*’AT(irx/* ixr iyy izz ixrv) 

1575 WRITE (6,1-55) I?!ERTX,!KERTY,INERTZ,IXZ 

1576 16 5 FCP?'AT(10X,1F10.2, M ",1FH.?," "/IFII.?," w ,1F11.?//> 

1 71 r EI Gf? TsWEIGH T+W FTP+^FV +UVpi X* ( P AY+1 ) 

1?<7 TIfIC Y*C.c*(f FTP4;*TIP)*({AXlS/7)**2+(rXIS/7)**2) 

175C “1avC/C'i 

1758 CKCRC1*<CFCLW-CTW)*(1-F1)4CTW 

*770 CHC R C 2* (CRC LV-CTV') *( 1 -r FUEL) +CTW 

17CC Z1*((ICS-TCT)*( 1-R1)4-TCT)*CHCRD1 

1 7 50 27*<(TCF-T0TY*(1-EFL : EL)4TCT)*CHCRC2 

If CO FWCsFfEL0*C-.Z-25 

10*0 R * (E F t‘EL*£W -W 0/2 

KcC CFl£L=C FW/RKC>/(CHCRel*»G65£*RKC*Z1*P4CHCRCl*C.1*22*R 

1830 E 4C HC P C 2*0 • 4 *P HC *Z 2 *"♦€ KC ? £ £*C . 1 * e Hf *2 1 *R ) 

1840 Y1aCFUEL*CHC00l 

1c 50 Y2=CFUEL*CHCRD2 

176C WrIGX=(C.Cc66*FHC*Z1*Yl+0.1*RHC*Z1*Y?4C.1*RHC*Z2*Yl4 

1870 S0.4*RHC*Z2*Y2)*R**3 

1580 1-. F I Y» ( ELWIN G-SLCG) **2*1 FW 

1350 WFIX=VFICy4rFV*(yC/2)**2 

15CC KPASS=UWPAX/32.174 

1510 IXXP=(V ! AS/244WS/24)**2*(PAX41)*KPAS5+UWPAX*.C544*(PAX+1) 

1520 IRCW*<PAX4l)/SA5 

1550 IF((IFCW*SAE).LT.(PAX4l))IRCyaIRCW4l 

1S4C IRCWZalROW + 1 - 

1550 DG 25 Q I*1,IR0W2 

1560 I F ( ( ( 1-1 ) *S A£) .GT . (PA)>1 ) ) SAE*SAS- (IRCU*SA6) +PAX4-1 

1570 mPsIYYP+(ELCG-XPILOT-((I-1)*PS/12))**2*S'5*f-PASS “ 

1550 250 CONTINUE 

1550 INERTX=INERTX4WFIX4(KFTP)*YCGTIP**24IXXP 

2CC5 lNEPTYaIN£RTY4WFIY+TIPICY4(NFTP)*(ELTIP-ELCC)**24IYYP 

2G1C INERTZ*INERTZ4WFIX+(MFTP)*YCGTIP**24IYYP 

2020 WRITE (6,270) WEIGHT 

2021 270 FCRMATdOX, "INERTIAS AT FAX WEIGHT OF: ”,1F10.2," LE "//) 

2022 WRITE (6,167) 

2023 WRITE (6, 271) INERTX, INERTY, INERTZ 

2024 271 FCPMAT(10X,1F1C.2," ",1F11.2 ” 1F11.2//) 

2050 STOP 

20 5C END 


Figure 10.14» continued 



10.37 



'TV 


. / 


;vv 


.1 'C' . 


: s?T*Af T :.AX v tICHT CF 


19.-5 IS 


IVY 

117-7 


Figure 1 0. l*f t Sample printout for subroutine "INERTA" 


10.5 REFERENCES 
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11.1 VARIATION OF DRAG COEFFICIENT WITH ANGLE OF ATTACK. C p 

a 

11.1.1 INTRODUCTION 

This derivative is of importance only for slow speed flight. The 
computation is according to the method as described in Reference 11.1.1. 


11.1.2 DERIVATION OF EQUATIONS 


This derivative may be estimated, using the parabolic approximation 
of the drag polar: 


C 


D 



( 11 . 1 . 1 ) 


By differentiation, the derivative C may be found: 

D a 


C 


D 



2c i. c l 

a 

ttAR e 


( 11 . 1 . 2 ) 


a 

The first term in the right hand of the equation is often very small; it is 

also difficult to calculate. Therefore, it will be disregarded. 

The lift curve slope, C T , may be computed according to Section 11.2. 

L a 

If the Oswald Efficiency Factor, e, is not explicitly given, it may 
be computed using Figure 11.1.1. 


11.1.3 HAND CALCULATION 

A hand calculation for Airplane A, using data presented in Appendix C, 
provides the following results: 

From Section 11.2 follows: 

C T - 5.25 (rad -1 ) 

U 
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The Oswald efficiency factor follows from figure 11.1.1: 

e * .87 

For a lift coefficient of C ■ .3, equation 11.1.2 then gives: 

C - .1939 (rad” 1 ) 

a 

This compares with a computer generated value of: 

C D - .1952 (rad” 1 ) 

a 

Reference 11.1.2 gives: 

C Q - .225 (rad" 1 ) 

a 

This is a difference of 13.2 % compared to the computer generated 

value. 



Figure 11. 1 .ii* 1 Method for estimating the Oswald efficiency factor 


11.3.4 DESCRIPTION OF PROGRAM 

Table 11.1.1 provides a listing of the variables used in the 
program, Figure 11.1.2 shows a flowchart, while a listing and a sample 


11 . 1.2 




printout are given in Figure 11.1.3. The Oswald Efficiency Factor, e, 
may be input; if not, it will be calculated according to Figure 11.1.1. 


TABLE 11.1.1 VARIABLE NAMES IN SUBROUTINE "CDALPHA" 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

AR Al Common 

CDA Cp rad ^ 

a 

CL C T Common 

L 

CLALPH C. rad" 1 "LIFTCURV" 

L 

a 

E e Default 
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'lt: e c: . :?. i i 

c:.' /fit G/:i' •: 4,*“ , : lt, ?, c ~a* • , c: ' rv , r . •, a/ ; ? 

CC. '-CN/FLITE/.M-F* ,CL 


L : 

C'LL LIFCBV (CLALPH) 


“ 

KL C4*DL"C4* ,rl?4f 



if cE.r-E.r-.> gctc ir 


7 " 

DK’ENSICfc DD (",D , W(“) ,DCP (4) /• 

'..'<0,11(1) 

** p 

DATA W/.:,1./ 


c.; 

DATA LU/1 . t 


/• !»■ r 

1 l V 

DATA 1'V;/;'. / A. / d.,*.,1P. / l2. / H. 

,16./ 

11C 

DATA C D / . S , • . 5 "25 , . T 7,‘. Cl , . 74 

Ar ce 

, . r, . . , 

i * •* 

S'*, S.,.'*. ,.l 


i:; 

E=FD®(1 ., cl*;. An, 1 , c, p , 7/U, VV, V" 

,PD) 

i r 

IF (FLTCA.f E.C.I E*E/CC:<fif‘CO 


is: 

1C CC*.' TITLE 


A • --*■ 

4 w ^ 

CPA*2.*CL*CLAL?H/(:.H1r*AF *E) 


17C 

'. FITE (A, IPPC) 


r*' 

ICC- FC"*-'AT CCX/'Kl-FFL SirVTWE 

FCF CCfLPHA"///) 

ICC 

LRITECd./iCi:) CD' 



1 - * 


v.., FC‘r*T(K>:,"c?t = 

~~TU~ ' 
c‘ 5 


»« i r 1 ^ c »» 


•^F 


F"!-- ■•///> 


Kl-FPl Sl-KC l.'T If' c . FCF CD ALPHA 
•CDA = C.ISFIF FAD-1 

Ftgur* tt.t.3: Listing and sample printout 

for subroutine "CDALPHA" 


REFERENCES 

11.1.1 Roskao, J. Methods for Estimating Stability and Contro l Derivatives 
for Conventional Subsonic Airplanes . Roskam Aviation and Engineering 
Corporation, Lawrence, KS. 1977. 
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11.2 LIFT-CURVE SLOPE 


11.2.1 INTRODUCTION 

The method currently used in GASP to calculate the lift-curve 
slope of the airplane is one derived from Reference 11.2.1. The 
accuracy of this method is less than desired for the calculation 
of a variable that is of prime importance in design work. There- 
fore, a subroutine was developed that uses a refined method for 
the calculation of the lift-curve slope. 


11.2.2 DERIVATION OF EQUATIONS 

The lift-curve slope of a surface may be computed using the 
Polhamus Formula (Reference 2) : 



( 11 . 2 . 1 ) 


This formula calculates the lift-curve slope of the surface without 
body. Using a lifting surface method (Ref. 11.2.3), calculations 
were made for the lift-curve slope of a wing without body and tail, 
as a function of aspect ratio and leading-edge sweep angle. These 
results were compared with the results obtained with the Polhamus 
Formula. From this comparison an error-function was found. The 
error thus found is added to the value for the lift-curve slope 
found with the Polhamus Formula to yield a corrected value for the 
lift-curve slope. The derivation of the error function is given 
in Appendix A. The error function is given by: 


11 . 2.1 



4: Kp 0L - 1+(1.87-.000223*A LE )* /R/100 (11.2.2a? 

A> 4: Kp QL « l+([8.2-2.30*A LE ]-[.22-.153‘A LE )- ^ )/100 (11. 2. 2b) 

where: A^ E in rad. 

The corrected lift-curve slope is now given by: 

<1. • Sol ’ c l • < u - 2 - 3 > 

“conn “ 


To convert sweep angles of one chord position to another, use is 
made of the following formulas (Ref. 11.2.2): 


TANA c/2 . tana c/4 - 

(11.2.4) 

tak \e - ““c/2 + * <1 ; x> 

(11.2.5) 

For a ratio of wing span to fuselage diameter, b/d>2. 

the following 

approximation may be made: 


C L " *WB °L 

(11.2.7) 



where : 2 


Sb ■ 1 - - 25 (f) + - 02 4 

(11.2.8) 


The lift-curve slopes for wing and horizontal tail may be found 
using Equations (11.2.1) through (11.2.5). The downwash ratio 
de/do may be found using Section 11.3. 

11.2.3 HAND CALCULATION 

Following is a hand calculation for Airplane A for which data 
are presented in Appendix C. 

For a Mach number of M ■ .2, the lift-curve slope of the wing 
is: 

ORIGINAL 1AGE IS 
OF POOR QUALITY 
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(11.2.1) C L - 4.401 (rad" 1 ) 

“w 

(11.2.2b) Kp QL » 1.066 

(11.2.3) - 4.690 (rad -1 ) 

“W 

The lift-curve slope of the horizontal tail is: 


(11.2.1) 

s. ■ 

3.795 

(rad' 1 ) 


“H 



(11.2.2a) 

*POL * 

1.075 


(11.2.3) 

C L * 

4.079 

(rad -1 ) 


°H 




The body correction factor is: 

(11.2.8) - .999 


The downwash follows from Section 11.3 as: 

de/da - 0.338 

The total airplane lift-curve slope then is: 

(11.2.6) C L - 5.260 (rad" 1 ) 
a 

The computer program generated a value of: 


5.254 (rad" 1 ) 


Reference 11.2.2 provided a value of: 

C. - 4.956 (rad" 1 ) 


ORIGINAL SAGE ft 
OF POOR QUALITY! 


This is a difference of 5.7 Z compared to the computer value. 


11.2.4 PROGRAM DESCRIPTION 

Table 11.2.1 provides a listing of the variables used in subroutine 
"LIFTCURV . " Figure 11.2.1 shows a flowchart and Figure 11.2.2 shows a 


11.2.3 



listing and a sample printout. The computation of the lift-curve 
slope of a lifting surface is done in function "SLOPE" to provide 
more versatility to the program. 


TABLE 11.2.1 VARIABLE NAMES IN SUBROUTINE "LIFTCURV" 


NAME ENG. SYMBOL DIMENSION ORIGIN 


AR 

Mi 

— 

Common 

ARH 


— 

Common 

BATA 

0 

— 

— 

B 

b 

ft 

Common 

Cl 

C 1 


— 

C2 

C 2 

— 

— 

CLAHT 

\ 

rad * 

— 

CLALP1 

— 

-1 

rad 

— 

CLAPH 

4 °h 

rad~^ 

Common 

CLAW 

°L 

-1 

rad 

— 


“w 



DEPDAL 

de/da 

— 

"DOWNWS 1 

DFUS 

D. 

fus 

ft 

Common 

DLMC4 

1 o 
< 

deg 

Common 

DLMC4H 

A c/4H 

deg 

Common 

EM 

M 

— 

Common 

ETAHT 


— 

Common 






lb 
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TABLE 11.2.1 VARIABLE NAMES IN SUBROUTINE "LIFTCURV" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


KAPPA 

< 

— 

— 


KPOL 

hot 

— 

— 


KWB 


— 

— 


RLMC2P 

A c/2 

rad 

— 

Dummy 

RLMC4P 

> 
O 1 

rad 

— 

Dummy 

RLMLEP 

a le 

rad 

— 

Dummy 

SHT 

S H 

ft 2 

Common 


SLM 

\ 

— 

Common 


SLMH 

X H 

-1 

Common 


SLOPE 

C L 

a 

rad 



SU 

s 

ft 2 

Common 



1 - 1 . 2. 5 









1C SUBROUTINE LIFCRV (CLALPH) 

15 REAL KWB 

20 C0MM0N/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

20 CCMMON/HORZ/DLMC4H,ARH,SLMH,EHT,CBARHT,SHT,CLAHP,CRCLHT 

35 COMMON/ FUS/ ELF,DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 

40 CCMMCN/AERO/EM,RHO 

50 OATA EM,RH0,ETAHT/.2, .0, .99/ 

60 CLAW=SL0PE(DLMC4,SLM,AR,EM,CLAWP) 

70 CLAHT=SL0PE(DLMC4H,SLMH,ARH,EM,CLAHP) 

80 CALL DOWNVS (DEPDAL) 

90 KWB=1.-.25*(DFUS/B)**2+.025*(OFUS/R) 

100 CLALPH=CLAU*KWB+CLAHT*ETAHT*($HT/$W)*(1 .-DEPOAL) 

103 WRITE (6,1000 

104 1000 FORMAT (10X,"KU-FRL SUBROUTINE FOR LIFTCURVE ALOPE'7//) 

105 WRITE (6,1010) CLALPH 

106 1010 FCRMATdOX,' “CLALPH = ",1 FIO.S,*’ RAO-1 "//) 

110 RETURN 

120 END 


10 FUNCTION SLOPE (DLMC4P,$LMP,APP,EMP,CLALPP) 

20 REAL K POL, KAPPA 

30 Rl.MC4P=DLMC4P*. 01 74533 

40 RLMC2P=ATAN(SIN(RLMC4P)/C0$ (RLMC4P)-(( (1 ,-SLMP) / (1 ,+SLMP) ) /ARP) ) 

50 BATA=SQRT(1.-EMP**2.) 

60 KAPPA=CLALPP/6. 2331 9 

70 C1=(1.+((SIN(RLMC2P)/CCS(RLMC2P))/BATA)**2) 

80 C2=(ARP*BATA/KAPPA)**2. 

90 CLALP1 =6.28319*ARP/(2.+SQRT(C1*C2+4.)) 

100 RLMLEP=ATAN(SIN(RLMC2P)/CC$(RLMC2P)+(2.*((1.-SLMP)/(1.+SLMP))/ARP)) 

110 IF (ARP.6T.4.) GO TO 10 

120 KPOL=1.+(1.87-.0C0223*RLMLEP)*ARP/100. 

130 GO TO 20 

140 10 KPOL=1.+((8.2-2.3*RLMLEP)-(.22-.153*RLMLEP)*ARP)/100. 

150 20 CONTINUE 

160 SL0PE=CLALP1*KP0L 

170 RETURN 

180 END 


CLALPH * 5.254 PER RADIAN 


Figure It. 2. 2: Listing and sample printout for subroutine "LIFCRV" 
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11.3 DOWNWASH BEHIND THE WING 
11.3.1 INTRODUCTION 

The dovnwash behind the wing Is frequently needed for the calcula- 
tion of other variables. Therefore, it is useful to have a subroutine 
for the calculation of the dovnwash. 


11 . 3.2 Derivation of equations 

Reference 11.3.1 Provides the formulas for this subroutine. The down- 
wash may be found from: 



(11.3.1) 


For the dovnwash gradient at low speeds, the following formula is 
applicable: 


(Wh 


(11.3.2) 


where : 

K. ■ 1/JR y 7 (Correction factor (11.3.3) 

1 + JR 1, for aspect ratio) 

K, - — — - (Correction factor (11.3.4) 

for taper ratio) 

I “ ^H/b 

” ' (Correction factor (11.3.5) 

for geometry) 


The parameters and h^ are defined in Figure 11,3.1. 



11.3.1 




Flgur* XI. 3.1; Gooootric pzrznocorz for horizontal tall location 


11.3.3 DESCRIPTI O N OF SUBROUTINE 

A flowchart of the subroutine is shown in Figure 11.3.2. The 
calculation of the variables is quite straightforward. When the 
variable D0WN1 is set at 0, the subroutine skips the calculations 
for low mach numbers, returning directly to the calling routine. 

A listing and a sample output of the program are given in Figure 
11.3.2-3. 

11.3.4 HAND CALCULATION 

This is a hand calculation of the subroutine for Airplane H. 

The following data are avilable: 

A c/ 4 “ 0 deg 

A - 7.54 

X - 0.41 

hjj - 3.35 ft 

b - 45.88 ft 
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21.75 ft 


M - .066 

* 5.021 rad” 1 

°*M 

C L » 5.015 rad” 1 

“U-O 

With these data the following variables can be calculated: 


A 1/4c 

* 

0 

K * 

- 

0.1014 

K X 

- 

1.2529 


- 

0.9436 

FACT 

m 

0.3557 

dc/da| M 

- 

0.3561 


Which compares to a computer calculated value of: 
de/do | M - 0.3561 


According to flight test data the downwash without power is: 
de/da| M - 0.333 

11.3.5 DESCRIPTION OF PROGRAM 

The variables used in the computer program are listed in Table 11.3.1. 
A flowchart is shown in Figure 11.3.2, while Figure 11.3.3 shows a listing 
as well as a sample output of the program. 


Note: Calculations in Chapter 6 show a computed downwash for airplane C of 

de/do * 0.627, this compares to a wind tunnel value of de/da ■ 0.633 (Ref. 6.2). 


11.3.3 


original j® 
OF POOR QUALITY 



TABLE 11.3.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE DOWNWS 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


AR 

/R 

— - 

common 


B 

b 

ft 

common 


CLAWM 

\l M 

rad”* 

"SLOPE" 


CLAWO 

<T. 

““Im-o 

rad”* 

"SLOPE" 


DEPDAL 

de/do| M 



"DOWNWS" 


DLMC4 

A l/4c 

deg 

common 


DOWN1 

— 

— 

common 

Switch to 
avoid loops 

ELTH 


ft 

common 


EM 

M 

— 

common 


EMP 

M 

— 

— 

Dummy variable 

FACT 

— 

— 

— 

Dummy variable 

HH 

«h 



common 


KAR 

K * 

— 

— 


KTAPR 

K x 

— 

— 


KH 


— 

— 


RLMC4 

A 1/4c 

rad 

— 


SLM 

X 

— 

common 


SLOPE 

C L , 

° M 

rad”* 

-1 



SLOPEO 

C L 1 
° M*0 

rad 
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Fljur* 1 1 .3.2* Flowchart subroutine ••OOWNWS" 
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Figure 11 . 3 * 3 : Lifting and sample printout for subroutine "DOWNWS" 


11.3.6 REFERENCES 

11.3.1 Roskam, J. Methods for Estimating Stability and Control Derivatives 
for Conventional Subsonic Airplanes . Roskam Aviation & Engineering 
Corporation, Lawrence, KS., 1977. 
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11.4 VARIATION OF PIlChiNG MOMENT WITH ANGLE OF ATTACK. C„ 

■ — ■ ■ * — M 

a 

TLts computation oT this derivative has been discussed in chapter 6, 
Longitudinal Stability. 

11.5 VARIATION OF DRAG COEFFICIENT WITH FORWARD SPEED. C - 

U 

This derivative is usually negligible in the subsonic Mach range. It may 
be computed from the drag-polars at higher Mach numbers according to equation 


11.5.1: 



(11.5.1) 


Where: M is the Mach number in steady state flight, for 

the condition considered. 


“e 

8M 


is the slope of the curve of drag coefficient 
versus Mach number at the Mach number considered 


Since the drag polars at high Mach numbers are not available in the GASP program 
thi&. derivative is not computed. 


ii.4.1 


11.6 C L , VARIATION OF LIFT COEFFICIENT WITH SPEED PERTURBATIONS 
u 


11.6.1 DERIVATION OF EQUATIONS 


According to Reference 11.6.1. C. can be estimated from: 

L 

u 



( 11 . 6 . 1 ) 


where: M is the Mach number and is the lift coefficient. 


11.6.2 HAND CALCULATION 

Test # 1 was done for the Airplane A at M*.7 and C^* .410. 

Equation 11.6.1 yields: - . 394. Flight test datagives C L » .400, 

u u 

so the approximation (Equation 11.6.1) is very good in this instance. 

11.6.3 DESCRIPTION OF THE PROGRAM 

The subroutine is a very simple program. It requires M 
u 

and C as input and then calculates C T according to Equation 11.6.1 

u 

above. Table 11.6.1 gives the variables used in the program. 


TABLE 11.6.1 VARIABLE LIST 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARK S 

CL C^ Common 

EM M Common 

CLU C. Output 

L 

U 

A flowchart is given in Figure 11.6.1, while Figure 11.6.2 shows a listing 
as well as a sample printout. 


11 . 6.1 




V 



Q return 


) 


( 11 . 6 . 1 ) 


Figure 11.6.1s Flowchart for subroutine "CLUU“ 


V. 



l LC • CLTiJ c CLlL tcLL ) 


£ * * * lit » * 


****** 

£ * * * X ■*; x 

7r*: SU r ClTI; - C-' ■' r! TEE 7 rz 

•'Ar:,’Tirv ****** 

;"*>** ** 

Cf LIFT CCEfrlCIEM » ITh FffV. 

.-RD E F E E D ****** 


CC7 : -a /FLITE/*lr CL 

• ****** 


CLi=cr :*o/<i-e: *0)*cl 

vRITE(6,1C) CL'J 

i: per: ai (icx/’cu = *^FiC.://) 

RZTLRfi 
Ef D 


CLl’ = u.:94 

Figure t 1 .6.2: Listing and sample printout for 

subroutine "CLUU" 


11.6.4 REFERENCES 

11.6.1 Roskam, J. Methods for Estimating Stability and Control Derivatives 
of Conventional Subsonic Airplanes . Roskam Aviation & Engineering 
Corporation, Lawrence, KS., 1977. 
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11.7 C ; VARIATION OF PITCHING MOMENT COEFFICIENT DUE TO SPEED 
m 

u PERTURBATIONS. C 
m 

u 

11.7 1 DERIVATION OF EQUATIONS 


Reference 11.7.1, pp. 4.1, eq. 4.3 gives C as: 

OH 

u 



u 


(11.7.1) 


where: C T is the lift coefficient 

L 


is the non-c? iroens ional aerodynamic center of the wing 
M is the Mach number 

Because 3X /3M is very hard. if not impossible to determine analytically, 

ad w 

reference 11.7.1 suggests plotting X v.s. M for Mach numbers adjacent to 

ac w 

the cruise Mach number and drawing a line through the points. The slope of 
the line is 3^/3K. 

Figure 3.9, page 3.12 in reference 1 presents families of curves for the 
parameters: 


X 


ac 


'R 


L 

A tanA L£ 


X' is the wing a.c. location measured positive aft 
ac 

along the root chord. C^ is the root chord, 
is the wing taper ratio. 

A is the wing aspect ratio, A^ E is the leading edge 
sweep angle 


tan 


^LE 


tan 


*IE 


^ •SSS'JSSS 
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The pertinent wing geometry is given helow in Figure 11.7.1: 



Figure 11.7.1: Wing geometry 
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11.7.2 HAND CALCULATION 


Three cases where computed: 

1) Wing alone at M ■ .8, .85, .9 

2) Wing alone at M * .75, .8, .85, .9, .95 

3) Airplane A, Cruise Mach * .83 
The data for the wing are: 

b * 30 ft c » 7.0 ft 


S - 180 ft 2 
A - 5.0 
C R * 10.0 ft 
C t a 2.0 ft 


X a .2 ft 
A^ e m 43.13 deg 

y mac * 5 * 8 ft 


The data for airplane A are given in Appendix D. The computations for 
case 1) are given in table 11.7.1. 


Table 11.7.1 Hand Calculation for Wing 1 ) 


M 

8 

8 

A tanA^. 

Xac 

w 

tanA LE 

.8 

.60 

.640 

4.685 

.362 

.85 

.527 

.562 

4.685 

.373 

1 

.9 

.436 

.465 

4.685 

.390 


By linear regression a line is constructed through the points defined 
by M and t0 


3M 


.280 
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For a lift coefficient of C ■ .15 it then follows with eqn. 11.7.1: 

L 

C - -.042 
m 

u 

Table 11.7.2 shows the results for case 2): 


Table 11.7.2: Hand Calculation for Wine 2 1 


M 

8 

8 

A tanA LE 

Xac 

w 

t<mA LE 

.75 

.661 

.706 

4.685 

.354 

.80 

.60 

.640 

4.685 

.362 

.85 

.527 

.562 

4.685 

.373 

.90 

.436 

.465 

4.685 

.390 

.95 

.312 

.333 

4.685 

.419 


By linear regression it was found that: 



.316 


Again, for a lift coefficient of » .15, equation 11.7.1 then gives: 

C » -.047 
m 
u 

In exactly the same manner as for the wing above, the computations for air- 


plane A produced for a cruise Mach number of .83: 


C - -.036 
m 

ORIGINAL BAGS Q 
OF POOR QUALITY 
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11.7.3 DESCRIPTION OF PROGRAM 


The computation of C is split in two parts. The aerodynamic center 

tn 

u 

of the wing ^c^ * computed in Function "ACEM." This program is described 

in Chapter 6. The mainline of subroutine "CMUU" computes the derivative C . 

u 

It calls Function "ACEM" three times for consecutive Mach numbers to compute 
the slope /3M. Table 11.7.3 explains the variables used in the program. 

w 

Figure 11.7.2 shows a flowchart, while Figure 11.7.3 shows a listing of the 
program, including a sample output. 


fable 11.7.3: Variable List 

Name Eng. Symbol Dimension Origin Remarks 


AM 

— 

. -*•— 


AR 


— 

Common 

CBARU 

*w 

ft 

Coranon 

CL 

C L 

-1 

Common 

CMU 

C 

m 

u 

rad 


CRCLW 

\ 

ft 

Common 

SX 




SY 

— 

— 

— 

SXSQ 

— 

— 

— 

SUMXY 

— 

— 

— 

XBARW 


ft 

Common 
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Figure 11,7.2: Flowchart for subroutine M CMUU M 
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10 SUBROUTINE CMUU (CMU) 

20 C0MM0N/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

30 COMMON/ FLITE/ ALPHA, EM, CL 

40 SUMXY=0. 

50 SX=0. 

60 SY=0. 

70 SXSQ=0. 

80 AM=EM-.15 

90 DO 1 1=1,5 

100 AM=AM+.05 

110 XBARH=ACEM (AM,AR,SLM,DLMC4,CRCLW> 

120 SUMXY=SUMXY+XBARW*AM 

130 SX=SX+AM 

140 SY=SY+XBARW 

150 SXSQ=SXSQ+AM**2 

160 1 CONTINUE 

1 70 PXBPEM=(SUMXY-SX*S Y/5 . ) / (SXSQ-(SX**2> /5 . ) 

180 CMU=-C L*PXB PEM 

190 WRITE (6,2) CMU 

2C0 2 FORMAT(10X,"CMU = ",1F10.4> 

210 STOP 
220 END 


L; L 


Figure 11.7*3: Listing and sample printout 

for subroutine "CHUU" 


11.7.4 PROGRAM RESULTS 


Table 11.7.4 summarizes the results of calculations for C 

m 

u 

Table 11.7.4 CMU Subroutine test results 


Test if 

Description 3X ac /bM 3X ac /3M by C C m % Error 

by hand computer (h "vj d) (com “ uter) 

1 

wing .280 .166 -.042 -.025 40.48% 

.8 i M £ .9 (too small) 

AM = .05 

2 

wing .316 .175 -.047 -.026 44.68% 

.75 <M<.95 (too small) 

AM = .05 

3 

Airplane A -.078 -.036 +.0117 Wrong 

.73 <M < .93 Sign 

AM = .05 


Notes: C from eq. 11.4.1 with C T * .15. 

m L 

u 

% error as in section 11.4.5.2. 
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Table 11.7.5 - CMU Test »1 
Wing 03, .8 <_ M<_ .9, AM - .05, Cruise M - .85 


M 

(hand) 

(computer) 

% Error 

.80 

.362 

.369 

1.93% (too big) 

.85 

.373 

.377 

1.07% (too big) 

.90 

.390 

.386 

1.03% (too small) 











A similar situation happens in Test // 2. The X^ c ^'s at the low end of 
the Mach range are a little too big while the X ac ^'a at the high end of 
the Mach range are a little too small. Table 11.7.6 illustrates this. 


Table 11.7.6 - CMU Test 02 
Wing 03, .75 <. M < .95, A M - .05, Cruise M - .85 


M 

Xac^ (hand) 

X aCw (computer) 

% Error 

.75 

.354 

.363 

2.54% (too big) 

.80 

.362 

.369 

1.93% (too big) 

.85 

.373 

.377 

1.07% (too big) 

.90 

.390 

.386 

1.03% (too small) 

.95 

.419 

.399 

4.77% (too small) 



Consideration was given to the possibility of using a correction factor 
since in Tests 1 and 2 C was about 40% too small. However, the idea was 

T& 

U 

dropped because the direction of the errors in the )L r 's (too big for low M 

Tf 

or high M) is what determines whether the computer predicted C is too big 

u 

or too small. Imagine the errors going the other way in Figure 11.7.4 and 
it becomes obvious that the slope of the line will be too big Instead of 
too small. 

The subroutine was subsequently tested for airplane A. Another error 

in the basic method became apparent. The CMU program predicted a positive 

C while the airplane data gives C as negative. A check was done to see 
m in 

u u 

if the computer was generating an error or if Figure 6.5 actually predicted 
a forward movement of the aerodynamic center with increasing Mach number. 
Table 11.7.7 gives the results. 
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Table 11.7.7 - CMU Test #3 


Airplane A, .73 M <_ .93, AM * .05, Cruise M - .83 


M 

(hand) (computer) 

.73 

.284 .285 

.78 

.284 

.83 

.282 

00 

00 

• 

.279 .280 

.93 

.275 


The hand-check shows that Figure 6.5 indeed predicts a negative 33C r /3M 

W 

for the wing of airplane A. 

In light of this difficulty, work on the CMU subroutine was stopped. 

There may be other ways to predict C but they have not been investigated 

u 

at this time. In any case, the ACEM subroutine gives reasonable p-edictions 

of Xac to the extent that Figure 6.5 is accurate, 
w 


11.7.5 REFERENCES 

11.7.1 Roskam, J. Methods for Estimating Stability and Control Derivatives 
for Conventional Subsonic Airplanes . Roskam Aviation & Engineering 
Corporation, Lawrence, KS., 1977. 
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11.8 C Q , VARIATION OF DRAG COEFFICIENT WITH PITCH RATE 

q 

This derivative is usually negligible in the subsonic Mach range. 
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11.9 C T . VARIATION OF LIFT COEFFICIENT WITH PITCH RATE 
4 

11.9.1 DERIVATION OF EQUATIONS 

Reference 1 presents the method used for calculating . 

C may be considered to be the sum of a wing and tail contribution, 

q 

the fuselage effect being usually small. 




(11.9.1) 


For the wing contribution: 

/ A + 2 cos A c/4 \ 
l \AB + 2 cos A / 


*W M 


where : 


C//4 q w|M-0 


, -(^H 

q..u. - ' c ' a, 


(rad 


(rad” 1 ) 


q w|M»0 


W M-0 


A 

B 


is the aspect ratio 

is the compressibility factor 


(11.9.2) 


(11.9.3) 


^c/4 

*W 



M 


■ ^1 - cos^ A c ^ (11.9.4) 

is the quarter chord sweep of the wing 

ij the distance (positive rearward) from 
the airplane center of gravity to the 
aerodynamic center 
is the wing mean geometric chord 
is the lift-curve slope of the wing 

is the Mach number 
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For the horizontal tail contribution: 


C, - 2 C L n H V H (rad- 1 ) 
q H|M a H|M 

where : 

is the lift-curve slope of the horizontal 
“"I" tail 

n H is the ratio of dynamic pressure at the 

horizontal tail to the free stream dynamic 
pressure 


V„ is the horizontal tail volume coefficient 


11.9.2 HAND CALCULATION 


The hand calculation check utilizes data from Reference 2. 
The data is for Airplane C; data are given in Appendix C . These 
data are for a center of gravity condition of X *12 and a 

c *3 

Mach number of M ■ .083. 

First, B must be calculated. 

B - V 1 - (-083) 2 (cos 2 -.044 rad) 

- J 1 - (.077) (.998) 

- .997 



may be calculated now. 


j 

q W | M*0 



2 (.645 ft) ' 
4.958 ft _ 


4.35/rad 


* 3.301/rad 





7.5+2 cos -.044 rad 
(7.5) (.997)+ 2 cos -.044 rad 




3.301/rad 


- 3.315/rad 
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(2) (4.08/rad ) (1.0 ) (.547 ) 


4.464/rad 

3.315/rad + 4.464/rad 


C L - 7.779/rad 

q 


Subroutine C is a simple, straightforward program. The 

L* 

q 

equations of 11.9.1 were programmed directly into the computer. 
The program calls various subroutines for needed data, and calls 
on the common block for the remaining date. 

One variable, X^, appearing in 11.9.1, must be calculated. 
X^ is not drawn from the common block but can be derived from . 
subroutine products. Subroutine "SIZE" produces the required 
variables for calculation of X.,. 


11.9.3 DESCRIPTION OF PROGRAM 


Table 11.9.1 presents the variables used within the C T 


subroutine . 


TABLE 11.9.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE C T 


ENG. SYMBOL DIMENSION ORIGIN 


REMARK" 


Common 


Compressibility 

Correction 

Factor 


CBARW 


Common 
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TABLE 11.9.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE C T (continued) 

L 

q 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


CLQWM 

C L 

rad ^ 

— 

Dummy 


q w|M 




CLQWMO 

C L 

rad * 

— 

Dummy 


q w|M»0 




CLQHM 

C L 

rad ^ 

— 

Dummy 


<1 H|M 




DLMC4 

^c/4 

rad 

Common 


ELCG 


ft. 

Calling 

Subroutine 


ELWING 


ft. 

Calling 

Subroutine 


EM 

M 

— 

Common 


SLOPE 


rad 1 

Calling 



a w 


Subroutine 


SLOPEH 

C L 

rad ^ 

Calling 



°H 


Subroutine 


QHQI 

n H 

— 

Calling 

Subroutine 


VBARHX 


— 

Common 


XW 


fc 

— 

Dummy 

A flowchart of 

the program 

is given in 

figure 11.9.1 

, a listing and 

sample output 

is shown in figure 11.9.1 

2. 


Reference 

11.9.2 presents a value 

of C -8.579 

rad 1 for the 




L 

q 



same flight condition. This is a difference of 8.5£ as compared to the 
computer generated value. However, the method of reference 11.9.1 


11.9.4 



as used for this subroutine only accounts for the effect of wing 
and horizontal tail. Subtracting the body effects from the value 

q 


as given in reference 11.9.2 produces a value of: 


C. - 8.579 - .9087 rad 

la 

q 

- 7.67 rad" 1 


This produces an error of 1.42 as compared to the computer value. 



"SIZE" 


"SLOPE" 


( 11 . 6 . 2 ) 

(11.6.3) 


"POWER" 


(11.6.5) 


( 11 . 6 . 1 ) 


Figure 11.9.1: Flowchart of "CLQUE" 
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~ * -k + 


^ ***** X 

t s’ :$ stcr.cLT:-; 

c****** 
* _ £*★★★★* 

Cr LIFT C'EFFI! 


cc: f cr/'T.c/rLi 

7 C 

ccrr Cf /FLITE/ M 

r 

ccrrccrs/i-csz/DL* 

<0 

cc: r rr /fls/elf, 

1 CC 

RL‘C4=DL' , C4*.( 

lie 

5=SCRTO.-(E*U 

1 ZCC 

CALL SIZE CEL-’ 


^, =ELL r f-ELCC 

v.r 

rLCFEV.=*LCPECD! 

<f,“ 

1 .. 

'LCFFhsSLCPECOI 

1 ** 

CLCV'CaC.C+Z.*: 

17' 

CLC..r = (CAF+ 2 .*i 

U CC 

CALL PC 'CEP (CH 

1 V ^ 

VcACH>'= (SKT / S’. 

2% 

CL-i}:f* 2 .*ELCPEl 

-'If 
4. t L* 

CLC=CLCH v -+CLCi:: 

2-ZC 

PITS (6, 7) CLC 

23 C. 2 

FCRr-AT(1Cy, ,, CL 

24 C 

RETURN 

CSC 

END 


****** 

■site: clc, v*r ****** 

r i;ITH PITCH R'TF ****** 

****** 


fM » * r / r 


, C L ” , 1 " , E ' ' , C L A v. : P ) 


C LG = 7.779 ?£R RADIAN 


Figure 11,9.2: Listing and sample output for 

subroutine "CLQUE" 


11.9.4 REFERENC ES 

i 

11*9.1: Roskam, J. Methods for Estimating Stability and Control 

Derivatives of Conventional Subsonic Aircplanes. 
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11.9.2: Wolowicz, C.H. 

& Yancey, R.B. 


Longitudinal Aerodynamic Characteristics of 
Light, Twin-Engine, Propeller-Driven Airplanes. 
NASA TN D-6800, June 1972. 
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11.10 C . VARIATION OF PITCHING MOMENT COEFFICIENT WITH PITCH RATE 
m J 

q 

11.10.1 DERIVATION OF EQUATIONS 


Reference presents the method used for the calculation of the 

C derivative, 
m 

q 

C may be considered to be the sum of a wing and a tail contri- 
tn 

q 

bution, the contribution of the fuselage usually being small. 


C » C + C 
n ib m 

q q w q 


( 11 . 10 . 1 ) 


For the wing contribution: 


m 


q w| 


M 


.3„ 2, 
A tan A 


c/4 


AB + 6cosA 


c/4 




3 2 

A tan A 


c/4 


A + 6cosA 


+ 3 


c/4 


(rad 1 ) 


( 11 . 10 . 2 ) 


where : 


- -KC £ (cosA c/4 ) 


’W 


M-0 


°W 




A + 2cosA 


c/4 


(&)tt 


+ k 

6cosA 8 


(rad -1 ) 


(11.10.3) 


c/4 

A is the aspect ratio 

B is the compressibility correction factor 


- y 1 - M 2 cos 2 A c/4 (11.10.4) 

A c ^ 4 is the quarter-chord sweep angle of the 
wing 

c is the mean geometric chord 
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is the distance from the aircraft center 
of gravity to the wing aerodynamic center 
(positive rearward) 

C ^ is the spanwise average value of wing 

°W 

section lift-curve slope 
K is the correction constant for the wing 

(Figure 11.10.1) 



0 2 R fc a 10 12 

ASPECT RATIO - A 


Figure IX. 10.1: Correction constant K for vlng contribution 


For the horizontal tail contribution: 

_ \ .1 

C m “ -2 C L n H V H — (rad A ) (11.10.5) 

’H “H C 

where : 

is the horizontal tail lift-curve slope 




Hg is the ratio of dynamic pressure at the 
horizontal tail to free stream dynamic 
pressure 

V is the horizontal tail volume coefficient 

H 

is the distance from the aircraft center 
of gravity to the aerodynamic center of 
the horizontal tail 

c is the mean geometric chord of the wing 

11.10.2 HAND CALCULATION 

The hand calculation utilizes data from Appendix C , for Airplane C . 


A 

7.5 

ELWING 

* distance from nose 

c * 

4.958 ft 


to a.c. (wing) 

C L * 

5.44/rad 


= 1.240 ft 



M 

- .083 

^c/4 

-.044 rad (-2.5°) 

C L 

* 4.08/rad 



°H 


ELCG - 

distance from nose 





«X 

- 14.396 ft 


to aircraft c.g. 




v . 

- .547 

* 

.595 ft 

H 




°n H 

» 1.0 


Note : For ELCG and ELWING, the distances from the leading 

edge of c to the c.g. and a.c. were used. The 
values will yield the same results as the distances 
from the nose. 

First, B and R must be determined: 


0 & & 
^ QUalitS 



11.10,3 



B •> y 1 - (.083) 2 (cos 2 -.044 rad ) 

- .997 

From Figure 11.10.1, for A * 7.5, 

K - .745 

Next, X w must be calculated. This is accomplished by equating 
the difference between ELCG and ELWING. 


X - ELWING - ELCG 
w 

- 1.240 ft - .595 ft 
* .645 ft 


’"Im-0 


-(.745) (5.44/rad)cos -.044 rad 


7 5 2 M*Lr + 

_ V4.958/ 2 \4.958/ 

7.5 + 2cos -.044 rad 


)*£) 


7.5 3 [tan 2 

-.044 

rad] 

\ . i 

7.5 + 6cos 

-.044 

rad 

r § 


(rad -1 ) 


-4.049 (.078 + .227) (rad -1 ) 


-1.235 (rad -1 ) 


(11.10.3) 


C - -1.235 

m 


’"Im 


7.5 3 (tan 2 .044 rad) 3 

(7.5) (.997) + 6cjs -.044 rad .997 

7.5 3 (tan 2 -.044 rad) 

7.5 + 6cos -.044 rad 


(rad -1 ) 


( 11 . 10 . 2 ) 


C « -1.235 (rad -1 ) (1.003) 

m 

%? 

C - -1.239 (rad -1 ) 
m 

«w 

m 




11.10.4 



C « -2(4. 08/rad) (1.0) (. 547)(14.396 ft)/(4.958 ft) (rad" 1 ) 

St 

I 

*M (11.10.5) 



-12.960 (rad' 1 ) 



-1.239 (rad -1 ) + (-12.960) (rad -1 ) 


C - 14.199/rad 
01 


( 11 . 10 . 1 ) 


As a second test, the data for airplane A was used. 

This test also Incorporates a variation of Mach number. 

Because of Mach number variation, the lift-curve slope of 
the horizontal tail must be individually calculated for each Mach 
number. 

Reference 1, Chapter 3, presents the method for calculating this 
lift-curve slope: the Polhamus formula. 



where : 

Ajj is the aspect ratio of the horizontal tail 

Ji is the compressibility correction factor 

» y 1 - (M * Mach number) 

K is the ratio for actual section lift- 

curve slope to 2ir 

For airplane A, Reference 11.10.3 presents the following 
values : 


11.10.5 



V, 


H 


k W 


.630 

5.70 


QH 


A c/4 


n H - 1.0 


.227 rad 


W 


c 

- 6.896 ft. 

C i 

■ 6.446/rad 

H x 

- 20.393 ft 

a W 


Ar 

- 4.0 

ELCG 

- 1.0 

a H 

* 6.02/rad 

ELWING 

A c/4 

■ 1.0 

■ 25.0 deg 


(Note: The value of 1.0 Is used for ELCG and ELWING 

because X _ for Che test of Reference 3 Is .25. 
eg 

Xy becomes equal Co 0.) 

Furthermore, ChapCer 11.2 indicates Chat a correction factor for lift- 
curve slope must be included. For A ■ 4.0, the correction factor 
is an increase of of 6.5%, so: 


](l.065) 


H. 


H. 


^Actual * (Polhamus) 

For the hand check, a HP 29 C calculator vas used. The Polhamus 
formula and the correction factor were programmed into the calculator. 
The results of this test, for M - 0 to M *«9, appear in Table 11.10.1. 


TABLE 11.10.1 C L VS. MACH NO . 


Mach No. 

C L (rad” 1 ) 


a H 

.0 

3.886 

.1 

3.986 
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programmed into the HP-29C. These values, for different Mach 
numbers, appear in Table 11.10.2. 


TABLE 11.10.2 C 


W M H 


! , and C vs . M 

m m 

9 


Mach No. 



c 

m 

q w|M 

C m 

q H 

‘ ■■ *n 

; 

c 

m 

q 

- .706 

-14.480 

-15.186 

- .708 

-14.517 

15.225 

- .714 

-14.632 

-15.346 

- .725 

-14.830 

-15.555 

- .740 

-15.124 

-15.864 

- .762 

-15.534 

-16.296 

- .793 

-16.093 

-16.886 

- .838 

-16.853 

-17.691 









TABLE 11.10.2 C 




m 


and C 


in 


’MM 


H 


vs. M (continued) 


Mach No. 

C m 

q w|M 

C m 

q H 

C 

m 

q 

.8 

- .907 

-17.908 

-18.815 

.9 

-1.032 

-19.454 

-20.486 

Note: All values In 

(rad -1 ) 



11.10.3 DESCRIPTION OF PROGRAM 

Table 11.10.3 presents the variables contained within the program. 
TABLE 11.10.3 VARIABLE NAMES AND ORIGINS IN SUBROUTINE C 

m 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ARW 

A 

— 

Common 


B 

B 



Compressibility 

Correction 

Factor 

CBAR 

c 

ft 

-i 

Common 


CLAPP 

c l 

rad 

-1 

Common 


CMQ 

C m 

q 

rad 

-1 



CMQ 

c 

m 

q w|M 

rad 

-1 


Dummy 

CMQWM0 

V 

q W | M*0 

rad 

-1 


Dummy 

CMQHM 

o 

B 

tcP 

rad 


Dummy 

DLMC4 

^c/4 

rad 

Common 



11.10.8 





TABLE 11.10.3 VARIABLE NAMES AND ORIGINS IN SUBROUTINE C (continued) 

m 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 

ELCG 

— 

ft 

Call 

Subroutine 


ELWING 

— 

ft 

Call 

Subroutine 

Dummy 

EM 

M 

— 

Common 


HX 

l 

n 

ft 

Common 


SLOPEH 

c L 

rad 1 

Common 



®H 




QHQI 

n H 

— 

Common 


VBARHX 


— 

Common 


XW 


ft 

— 

Dummy 

Figure 11. 

.10.2 shows a 

flowchart of 

the program, a 

listing and sample 


output is shown in figure 11.10.3. 

The difference between the computer generated value of C ffl and the value 

q 

from the handcalculation is 3% for airplane C. Reference 11.10.2 presents a 
test value of 

C - -13.76 rad -1 

m 

q 

Since the subroutine does not compute the body effect, this should be subtracted 

from above test value to yield: 

C - -13.76 + .136 
m 

q 

- -13.624 rad 

This indicates an error of 1.4% as compared to the subroutine generated value. 

For airplane A the handcalculation and the computer results are off by .8%. 
Reference 11.10.3 provides test data. These data and the computer results are 
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( 11 . 10 . 3 ) 


( 11 . 10 . 2 ) 


"SLOPE.. 


"POWER" 


(11.10.S) 


( 11 . 10 . 1 ) 


Flgura 11.10.2: Flowchart for subroutlna "CHQUE" 
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o c^ o r > o n r > 


’T .'* - ^ r * * 


* * * * » <4 


:i' r “cirr 

T " ‘ ‘ f ►■' 


■• C'Tcc f- 


' 1 -L K 

'cr-c: /• xre/DircA,Ai»,Stf ^crcl^ce^r: ,?v,a-’- p 

CCi 'C /HC.“;/DL C4 !, ,“"‘- / Sb"!' y rHT / CI- '^'T^r^T^CL'r'P, CPCL-T 
cc;rc‘7?LiT=/aPH^Gr ,cl 

CCf :•/' /FlS/ELF,?Fl«,: ; , ELTH, FF , £f , FT I , LV, Z V 
~u'u*cl: ctt.cK&sr 
:F(*F.LT.y.) K«.7 


Ip*. E. S 

iFC/tr.cs 

IF'AP.GE 

IFOF.CE 


IKA?.--£.f..^.D.,T.L T .c.O K*.CC; . ; : C? 

: F ( * r. . r e . : . i . • • r .l: . ? . 7 ) ks. *a?. + . a - 5 

: F c sr . ge. 7.7 *• :■ . ' r . lt. * . 2 : •<=. • :?w s-. rr - 
iF(Fr.c£.:.".jf r.AK.LT.-;.:) k*.ct *.**+. 2 ?? 

I F ( AS . GE Ar . L7 . E . 4 ) =. C* ' ?* a P + . c -; .5 

IF( 'F .Ci.> .4 ./VC . "T ,|_T. I '.} v*.ri*AR+.P 
t; •='!? cpl' C'')/ccr(PL co 

C -LL Si:? (EL’, I' G,ELCC.) 

>’’ =EL- ! I;,'3-ELCG 

C* 7-y?*(s<((AF.*(2.*(X , ..'/CG«^ , . ! )**P+.5*(.VL7C£/-BV , )))/(AR+c.*CCS 

ErL’ C4) )) + (1 ./?/.. **?)/(. AF+5.*CCE (PL C4 
{))+.-!P5)*CrE("L:'C4)*CLAF*(-K) 
r=E0?T(1.-(Er*CCE(PL.:C4))**') 

C"CL* - (( ( (AF**3*TA?'*2) /{ 'K*E+.~ ,*f CE (PLf C£) ) ) +3 . /f ) / 

1 ( ( ( *h**I*T 'N*2) / ( AP+£-.*cCE (FL’ C4) ))■*•:„) >*€■’ C' re 
SLCPEH=SL('PE (DLr , C4H / EL:'H <r rRF / Ef^CLAFF) 

CALL FCWEP 

VC AFHX= (SFT/$L)*(CLTF/Cr ft FF) 

C. v CF=-(2.*SLCP£H*CHC:*Vc <PHX*FX/CtARV ! ) 

CFQscrcwr+cr’GH 
VFITE(6,? ) CSC 

fCRS»TC1DX,"CNC = ",F7.;,” PER RACIA?."// ) 

RETUP? 

END 



Ffgura 11.10.3: Listing and sample printout for 

subroutine M CMQUE H 
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reproduced in Figure 11.10.4. The trend is correct, but the results are off by 
29.9% on the average. As of this time, the reason for this error is not yet known 



fljur* 11.10.4s ft* suit* of jubrcatln* "CHQUE" 


11.10.4 REFERENCES 

11.10.1 Roskam, J. Methods for Estimating Stability and Control Derivatives of 
Conventional and Subsonic Airplanes. Lawrence, Ks. t 1977. 

11.10.2 Wolowicz, C.H. & Yancey, R.B. Longitudinal Aerodynamic Characteristics 
of Light, Twin Engine, Propeller Driven Airplanes. NASA TN D-6800. IJfJ 

11.10.3 Anon. Confidential Report. 
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11.11 C D . . VARIATION OF DRAGCOEFFICIENT WITH ANGLE OF ATTACK RATE 

a 

This derivative is usually negligible in the subsonic Machnumber range. 


11.11.1 



11.12 C. , VARIATION OF LIFT COEFFICIENT WITH ANGLE OF ATTACK RATE 

L— 2 

a 

11.12.1 DERIVATION OF EQUATIONS 

Reference 11,12.1 suggests that the following relation be used to 
estimate C„ : 


S ,. ■ C L- + c i .. (rad > 
’ “w “a 


where: 


: L- -M-C 5 ) ®L + 3 C (g)l (rad -1 ) 

CL. L ' R ' CL. J 


C L* * 2 C L n H ^(da) (rad * 


°H °H 


Because the major contribution to is the C component 

ot a 

H 

and because the above expression for is very hard to program, 

“w 

it is suggested to use 

C L . - (1.2) C L . 0 

a a„ 


C L- <2 - 4) C L "h ^h(^o) ' r8d ' 1) 


11.12.2 HAND CALCULATIONS 

Two tests were run, for Airplane A, at Mach • .53 and Mach * .83. 

Table 11.12.1 presents the required data and the C^. 's for the air- 

01 

plane (from References 10.12.2 and 10.12,3). 


OF P00» w 
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Table 11.12.1 Airplane A C T ^ Tests 


Test # 

M 

C L„ 

a H 

n H 


d£ /d« 

C Ld 

1 

.53 

3.512/rad 

1.0 

.63 

.415 

1.83/rad 

2 

.83 

4.091/rad 

1.0 

.63 

.514 

2.68/rad 


11.12.3 DESCRIPTION OF THE PROGRAM 

The C T program is very straight forward, it uses eq. 11.12.1 along 

u • 

a 

with the appropriate input data to compute C^. Table 11.12.2 below is a 
variable list. 


Table 11.12.2 - Variable List 


Name 

Eng. 

Symbol Dimension 

Origin 

Remarks 

CLAD 

C Ld 

rad 1 

output 


SLOPEH 

C L 

rad 1 

common 

Lift curve 


«H 



slope of the 
horiz. tail 

QHQI 



common 


VBARHX 



common 

Horizontal 
tail volume 
coefficient 


DEDA 

dg 


common 



da 




The C L . 

L a 

subroutine flowchart is given 

in figure 11 

.12.1. 


ORIGINAL BAGE IS 
OF POOR QUALITY 
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A list of subroutine Cj^ (CLAD) is given in Figure 11.12.2, a sample 
printout is included. 


1, ELcRCLT INE CU»DCT CL;D) 

^LC****** ****** 

ICC****** THIS SIC no IT HE CC. ’FITES CLAD, VARIATION ****** 

4fC******CF LIFT COEFFICIENT WITH ANGLE OF ATTACK RATE ****** 
5CC****** ****** 

iC CCi I CN /HCPZ/DLi v C4H,ARH,SLr H,EHT / CCARHT,SHT,CLAHP,CRCL!'T 

7C C 0 : ? cr. / FLS / EL F, C F IS , PC , W C , L.‘ , ELT B, HH 

K CCiTCi /l ING/DL:’C4 / AR,SLN',E,CRCL'..',CC ARW / C",CLAV.r 

9C CCfNCr/FLITE/ ALPHA, E»>CL 

111 CALL DrVLWS (DEFDAL) 

IlC SLCFEH=SLCFE(DLr C4H,SLf.H / AF,H,EF / CLAHF) 

1ZCC CALL POWER (CKGi) 

1; r VEA RHX= (E HT / SV) * ( ELTH/ CE ARV ) 

KC CLAD=2.4*SICPEH*CHCI*VBAKHX*I»EFDAL 

15 j WRITEvc,1C> CLAD 

14C 1C FCRNAT (1CX,"CLAC = FEE PADIAN’V/) 

1 7 C n c T L fv ?«* 


CLA: = 2.2017 PER RADIAf- 


Figure 11.12,2:’ Listing and sample printout 
for subroutine "CLADOT" 


11.12.3 





Two tests were run using the data given in Table 11.12.1. The results 
and comparisons are given below in Table 11.12.3, 


Table 11.12.3- Ct . Test Results 




It is interesting to note that very good predictions (in these 
cases) could have been obtained by taking Cj^. to be just the tail contribution, 
instead of adding the 20%. However, two checks do not provide enough 
information to warrant such correction. At this time, the necessary data 
for more tests is not available. 


11.12.4 REFERENCES 

11.12.1 Roskam, J. Methods for estimating stability and 

control derivatives of conventional 

subsonic airplanes. 

Roskam Aviation & Engineering Corp- 
oration, Lawrence, Kansas , 1977. 

11.12.2 Anon Confidential report. 

11.12.3 Anon Confidential report. 
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11.13.2 HAND CALCULATION 

Two tests were run; for Airplane A at M * .53 and M * .83. Table 11.13.1 
gives the required data and the C ' s as listed in references 11.13.3 and 

O’ 

a 

11.13.4. 
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Table 11.13.1 - Airplane A C Data 
■ ■ ■■ — f — m- 

a 


Test # 

M <X "a ? H dc/d “ c m. 

“H “ 

1 

.53 3.512/rad 1.0 .63 20.4Ft .415 -5.5/rad. 

6.896Ft 

2 

.83 4.091/rad 1.0 .63 2.958 .514 -6.8/rad. 


11.13.3 DESCRIPTION OF THE PROGRAM 

The C # subroutine is very basic. It computes C 4 directly from eq. 
o a 

11. 13.1, using the required input data. Table 11.13.2 gives the variable 

names. Figure 11.13.1 shows a flowchart. Figure 11.13.2 shows the listing 

including a sample printout. 


Table 11.13.2 - Variable List 


Name 

Eng. Symbol 

Dimension 

Origin 

Remarks 

CMAD 

c 

a 

rad -1 

— 


SLOPEH 

C L 

rad * 

"LIFCRU" 



“h 




QHQI 

n H 

— 

Common 

q wing/ q tail 

VBARHX 

V„ 


Common 

horizontal tail 


H 



volume coefficient 

ELTH 

% 

Ft 

common 

distance from c.g. 
to horz. tail a.c. 

CBAW 


Ft 

Common 


DEPDAL 

de/da 

— 

"DOWNWS" 



11.13.2 











"SLOPE" 


"DOUNWS" 


"POWER" 


(11.13.3) 


Figure 11.13.1: Flowchart for subroutine "CMADOT* 1 


10 

20C ****** 
30C****** 
40C****** 
50C****** 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 


1000 


SUBROUTINE CMADOT (CMAD) 

****** 

THIS SUBROUTINE COMPUTES VARIATION OF PITCHING ****** 
MOMENT WITCH ANGLE OF ATTACK RATE ****** 

****** 

C0MM0N/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 
C0MM0N/nJRZ/DLMC4H,ARH,SLMH,BHT,CBARHT,SHT,CLAHP,CRCLHT 
C0MM0N/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 
COMMON/ FLITE/ ALPHA, EM, CL 
SL0PEH=SL0PE(DLMC4h,SLMH,ARH,EM,CLAHP) 
VBARHX=(SHT/SW)*(ELTH/CBARW) 

CALL DOWNWS (DEPDAL) 

CALL POWER (QHQI) 

CMAD=-2.4*SL0PEH*aHQI*VBARHX*ELTH*DEPDAL/CBARW 
WRITE (6,1000) CMAO 

FORMAT (10X,"CMAD = ",F10.4," PER RADIAN"//) 

RETURN 

END 


CMAD = 


-5.542 PER RADIAN 


Figure 11,13.2: Listing and sample printout 

for subroutine "CMADOT" 


ORIGINAL 1AGE 
OF POOR QUAIOT 
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Table 11.13.3 gives a comparison of C from the computer and then 

m • 


section 2.1«13«2* 


m* 


%Error 


'data 


m a I 


m* 


data 


1 computer 


100 


Table 11.13.3 - C Test Results 
in* ' 

a 


Test # 

M 

C m . (^ta) 

a 

C (computer) 

m* 
a 

%Error 

1 

.53 

-5.5/rad 

-6.503/rad 

18% (too big) 

2 

1 

.83 

-6.8/rad 

-9.405/rad 

38% (too big) 


These % errors are too big, it seems that the 20% correction is not 
justified in this case. However, more tests should be run to find the cause 
of this error. 


11.13.4 REFERENCES 

11.13.1: Roskam, J. 

11.13.2: Roskam, J. 

11.13.3: Anon. 

11.13.4: Anon. 


Methods for Estimating Stability and Control 
Derivatives for Conventional Subsonic Airplanes. 
Roskam Aviation & Engineering Corporation. 
Lawrence, KS. 1977 

Personal Correspondence. April 1978 

Confidential Report. 

Confidential Report. 
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11.14 VARIATION OF SIDE FORCE COEFFICIENT WITH SIDESLIP ANGLE. C„ 


11.14.1 DERIVATION OF EQUATION 


This derivative can be estimated from: 


: + C„ + C„ + c Y 

S W S B S V 6 p 


(11.14.1) 


The contribution of the wing, C„ , is only significant in the case 

6 W 

of nonzero dihedral angle. For modest values of wing sweep angle 
(up to 30 deg) the contribution due to wing sweep is negligible 
(according to Reference LI. 14.1). Reference 11.14.2 suggests the 
following formula for the calculation if the wing effect: 

C = -.0001 | T | 57.3 (rad -1 ) 

\ 

where: r is the geometric dihedral angle of the 

wing (in deg) 

The fuselage contribution, C y , may be estimated from: 


(11.14.2) 


e 


c 

b b 


where K. 


m 


B 


(rud -1 ) 


(11.14.3) 


is a wing-body interference factor, a 
function of wing position (high-low), 
maximum body height at wing body inter- 
section, d. This parameter may be ob- 
tained from Figure 11.14.1. 


is the cross-sectional area of the 
fuselage at the point Xq where the flow 


11.14.1 



ceases to be potential. The distance 


Xq is a function of X^ t the distance 
from the nose where dS^/d^ first reaches 
its maximum negative value. The distance 
Xq may be calculated from X^ as follows: 

X, 


0.378 + 0 


-ft) 


(11.14.4) 


ALL SPEEDS 



sideslip derivative C 

y 8 


In Reference 11.14.2 a program, developed by the KU-FRL, is 
documented that simulates the shape of an aircraft fuselage. Both 
the nose and the tail of the fuselage are represented by ellipses. 


■i.14. 2 



It is very convenient to use this program for the calculation of 

fuselage parameters, since it is based on mathematical methods. 

However, due to the nature of an ellipse, the point X^ at which 

dS /d Y reaches its first maximum negative value w:>il always be 

X x 

at the extreme end of the tail, so X^ ■ In this case the value 

for Xp, according to Formula (11.14.4), will be: 

Xp - 0.905 l Q (11.14.5) 


This value may then be used for the computation of the cross- 
sectional area Sq, which can be done again by referring to the 
FUSE program. 

The contribution for the vertical tail (C„ ) , in the case of 

B V 

the vertical tail in the plane of symmetry, may be obtained from 
(Ref. 1): 




(rad -1 ) 


(11.14.6) 


where: k is an empirical factor that takes the 

body influence into account, defined 
in Figure 11.14.2. 


^1 + takes the sidewash at the vertical tail 
into account. This term may be obtained 
from (Ref. 11.14.1). 


( 1 + if) ' 


,724 + 3.06 7- 


(V s ) 


“w 


. . + . 4 -r- + . 009 AL, 

1 + co.A c/4 d "> EFf 


(11.14.7) 
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Figure 11.14.2: Empirical factor for estimating sideslip 
derivative for single vertical tails 



is the vertical tail lift-curve slope. 
This variable may be obtained from the 
Polhamus equation (see Chapter 11.2), 


using the effective aspect ratio 


EFF 


i.s.o. A ty. This effective aspect ratio 
may be obtained from: 



(11.14.8) 


where : 


■ b v 2/s v 


(11.14.9) 


*V(B) 

*V 


is the ratio of the aspect-ratio of the 
vertical panel in the presence of a body 
to that of the isolated panel; may be 
found from Figure 11.14.3. 


* 

Note: Defined in Figure 11.14.3. 


11.14.4 


OP POOR QUALmo 




(HB) 

*V(B) 


is the ratio of the vertical tail aspect 
ratio in the presence of the horizontal 
tail plus body to that of the tail in the 
presence of the body alone. This ratio 
is given in Figure 11.14.4. 


is a factor that takes the relative sizes 
of the horizontal and the vertical tail 
into account; giver* in Figure 11.14.5. 



fcr/fe 


Figure 11.14,3: Effect of body interference on aspect ratio, 


used for estimating sideslip derivative for 
ORIGINAL PAGE lb single vertical tells 

OF POOR QUALITY. 


Note: Use the position of the vertical tail quarter chord line. 
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Figure ll.14.4s Effect of horizontal tail interference on 

aspect ratio* used for estimating the side- 
slip derivative for single vertical tails 





Figure 11.14.5s Factor accouting for relative size of hori- 
zontal and vertical tall 


The contribution of the propeller, C y , may be obtained in a 

s p 

sim*’ar way as in Chapter 5 for the normal force of the propeller 
angle of attack, a^. Reference is made to this chapter for the 


11.14.6 


derivation of the propeller normal force coefficient. The propeller 
angle of sideslip, is assumed to be equal to the sideslip angle B. 

For tractor propellers this seems to be reasonable. For pusher 
propellers, however, the exact angle of attack in the X-Y plane 
is not easy to estimate. It is conservative to assume that C-, 

•» 

is zero in this case. 

During checkout of this subroutine, it was found that using 
Formula 11.14.5 for the calculation of the cross-sectional area at 
the point where the flow ceases to be potential did not produce 
satisfactory results. Using the cross-sectional area at the point 
where the cross-section decreases most rapidly produced better results. 
This point usually is located near the end of the cabin section. Also 
from an aerodynamic point of view, using this location seems more 
reasonable, since flow separatic .s likely to occur closer to this 
point instead of further aft. It is suggested to use a (default) 
value of Xq * .75 since this position generally fulfills above 
requirements. To implement the graphs used for the calculations in 
the computer porgram, an HP 65 calculator was used to produce the 
following curve fittings: 

For the correction factor for wing body interference (Figure 


11.14.1): 



(11.14.10) 

(11.14.11) 
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For the influence of body interference on aspect ratio 
(Figure 11.14.3):* 


» .712 + .9031 ( 

*v v 

57 )- 2371 (-^) 

for <3 

2r i 

(11.14.12) 

° r *V(B) 

- 2.0491 - .344 

(^) + - 0287 (^-) 

(11.14.13) 

For Che empirical factor of 

Figure 11.14.2: 


k - .76 

for b„/2r. < 2 
V i 

(11.14.14) 

K - - 76+ (^7 - 2 )- 16 


1 

for 2 < b v /2r ± < 3.5 

(11.14.15) 

1C * 1. 

for b v /2r i > 3.5 

(11.14.16) 


For the horizontal tail interference factor (Figure 11.14.4): 



for > -.5 


Note: An average value of * .8 was used. 


11.14,8 



For the effect of relative size of vertical and horizontal 


tail: 




.0385 + 1.2244 




11.14.2 HAND CALCULATION 


(11.14.19) 


Following is a hand calculation for airplane A, data for this 
airplane .re given in Appendix C. 


From Equation (11.14.2) for the wing contribution: 

C Y * -0.01433 (rad -1 ) 

S V 

From Figure 11.14.1 for * 0.63: 

K ± * 1.32 

From Equation (11.14.3) for the fuselage contribution: 
( ' - -0.1998 (rad -1 ) 

From Figure 11,14.2 for b^/2r^ * 2.08: 
k - .77 

From Figure 11.14.3 for b^/2r^ ■ 2.08: 



From Figure 11.14.4 for ZH/b^ * -1.0: 


*V(B) ' 


ORIGINAL BAGE Ql 
OF POOR QUAUTV 
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1.41: 


From Figure 11.14.5 for S h T /S vt * 

^ - 1-04 

From Equation (11.14.8) now follows the effective aspect ratio: 

^ - 2.10 

EFF 


For the sidewash factor Equation (11.14.7) yields: 

(i + 5?)- !• 10383 

The lift-curve slope of the vertical tail may be obtained from 
the (corrected) Polhamus Equation (see Chapter 11.2), using 



instead of V 


C L - 2.934 (rad -1 ) 
°V 


From Equation (11.14.6) now follows the vertical tail contri- 


bution: 



0.37756 


Disregarding the effect of the engines, the total side force 

derivative is: 

C « -.5917 (rad -1 ) 

B 

This compares to a test value of: 

C « -.6010 (rad -1 ) 

6 

The computer calculated a value of: 

C - -0.5920 (rad -1 ) 

8 

The difference between the hand calculation and the computer calcu- 
lation has to be attributed to errors in the curve-fitting routines. 

pMifi lb 

11.1*. L" 


original 
OF. POOR 



11.14.3 PROGRAM DESCRIPTION 


The computer variables as used in the program are given in table 
11.14.1. A flowchart of the subroutine is given in figure 11.14.6 , a 
listing and a sample output are given in figure 11.14.7. 

TABLE 11.14.1: VARIABLE NAMES IN SUBROUTINE "CYB" 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ARBOV 

*V(B) 

*V 

— 

— 

ARHBAV 

^V(HB) 

*V(B) 



ARVEFF 

ARy 

EFF 

— 

— 

BVORI 

V 2r i 

— 

— 

BVT 

b v 

ft 

Common 

CBARHT 

C HT 

ft 

Common 

CLALPV 

C L 

“v 

rad * 

Slope 

Subroutine 

CRCLVT 

\ 

ft 

Common 

CYB 

\ 

.-1 

rad 

— 

CYBB 

\ 

,-l 

rad 

— 

CYBP 

\ 

,-l 

rad 

Power 

Subroutine 

CYBV 

% 

s v 

rad - ^ 


CYBW 

% 

6 W 

rad * 

— 
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TABLE 11.14.1: VARIABLE NAMES IN SUBROUTINE "CYB" (continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 


DIHD 

r 

deg 

Common 


ELF 

*b 

ft 

Common 


EL2RI 


ft 

Fuse 

Subroutine 


EL INC 

— 

ft 

Common 


ETAHVT 

n v 

— 

Power 

Subroutine 


FACT 

— 

— 

— 


HC 

or D 

ft 

Common 


KBODY 

tc 

— 

— 


KH 


— 

— 


KI 

K i 

— 

— 


R2I 

f2 i 

ft 

Fuse 

Subroutine 


SAH 

— 

— 

Common 


SHT 

S H 

ft 2 

Common 


SIGOBE 


— 

— 


SO 

s o 

ft 2 

Fuse 

Subroutine 


SVT 

s v 

ft 2 

Common 


SW 

SWPQC 

S 

A l/4c 

ft 2 

rad 

Common 

Common 

ORIGINAL RAG®* 

OF POOR QUAUTb 

X 

X 

ft 

— 


XO 

x o 

ft 

— 

• 75 **b 
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TABLE 11.14.1: VARIABLE NAMES" IN SUBROUTINE "CYB" (continued) 


ENG. SYMBOL/ DIMENSION ORIGIN 


REMARKS 




0 



COMPUTE 

EFFECTIVE (II. Hi. 8) 
ASPECT RATIO 


COMPUTE 

SIDE-WASH 

EFFECT 


COMPUTE 

VERT. TAIL (11.14.6) 
CONTRieuTIOI 


COMPUTE 

C„ 


(II. 14.1) 


RETURN 


Figure 11.14. 6: continued 


11 . 14.14 



: 1C 43 

_ C. .. 

y • . 

340 

. :-u 


• -VJ 

39C 
4CC 
410 
42C 
4. C 
44C 
45 1 
45C 
470 
CC 
4 33 
/ ;.r 


<x 


;C-\LT, E C V i t T ' i>r\~ \,TMr?) 

vV. ' i.'./ 1 . I' './lL" : /^L / - / r 1 L I ^ - . 1 r , , . , •• w. r 

CC : f >. ?• / C r. 3 / DC C 4 , CF, , f E Li 1 / ■ K 1/ C - 4T r T, . T, CLM.- / 1 ■ CL. T 
CC! ? C* /FLi1E/ ? ‘Lrr4 / CL 
/ lEF.C/Ef ,f HC,TAS 


■r 

CC! i CF/vEFT/DLi C4V, AFV, EL 


C C i\7 C M € EC 0 / D 2 H C , 7A .7 C ’ 1 • , X 1 

( r 

CC: •'■Ci./Fl.S/ r LF / DFL3 / KCyl C, 


CCA. C* /PC7EF/ET. HVT / CYCP 

V 

✓ 

DATA ET AKVT^CYcP/l .,0./ 

* 

'. E A L M,MC:-Y,XL,L:.,LV 

110 

CYr;'*-.CC5T:*A2f CD5FD) 

1 * 

r 'c:=z'. / c c/z.) 

A - 

If i?\ CDO.-E.i .) GCTC 10 

4 ' '* 

<i=i.-.:t*zlc:: 

1 -r 

GCTC 2' 


K:=1. + .4' r *rTC' 
cc: TIMS 


i r 

I F (XC .EC . >. . ) X 

1 * 

cyce=- 2 .-;<i*(ec 


EL2r:=ELF-.7"*C 

C *1 c_ 

2 V C i\ I — E V i / r c j. 


IF (EVCni.LE.O. 

Cl L 

ARECV=2.:451-.0 

7 / ' 

GCTC 4i: 

- r • ?r 

*.R£C\».71l + .vC: 

O- 40 

CCMIME 

U i L 

:<H=. 0335+1 .2244 

? r 'C 

IF (CM'.LT.I.) 

ZvJ 

ARKc;-V*1.7 


TC 45 


GCTC 63 

X*XHr *C+.25*C=AFHT+ELirC 
FACT=((X/CFCIVT-.5)*.7;)*<1.+GAH> 

IF COK.LE.-o) GCTC 5C 

ARH? A V = (2.4025+5 .4036 *SAH+4 .6706*0 a F**2. ) *FACT 
GCTC 60 

ARHEA V= (1. C425+. 60 35*5 4 H+. 400 3*$Ah**2.)*F ACT 

CCMIM’E 

AR\,EFF=ARE0V*(EVT**2./SVT)*(1 .+KH*(ARHEAV-1 .)) 

CLALPV«FLCPE (DLfC4V,SL!'V,AF V, Ef / CLAVP) 

R L" C 4 = A. T A N ( $ I N ( DLFC 4 1 ) / C C S ( D If C 4 V ) + ( 1 . / A r V ) * ( ( 1 -S LF V ) / ( 1 . + ? LF V ) ) ) 
3 1 CC 0 E= . 724+3 ,C6*((SVT/SW)/(1 . +CCS(RLFC4)))+ . 4*2V7 FC + 

S.CC9*ARVEFF 

IF (EVCRI.LE.O.) KcCC Y=. 76 

IF (EVC7I.CT. 2.. AKD.FVCRI.LT. 3. 5) '<t0CY=.76+C VCSI-2.)*.16 
IF (SVCRI.C-E.3.5) KEC0Y=1. 

CYcV=-:<ECDY*CLALFV*3IGCEE*(SVT/S'.;)*ET # f VT 
C Y* =C YSV+C YOr +C YB V+C Yc P 
RITE Co 1 ) 

•..RITE (6/ 1550 AFVEFF ORIGINAL 1A6E Ift 

OF POOR QUAUTTfl 


RITE (5,11 1r >CY-:V 

Figur* 1 1 . 14.7: Listing oF tubroutin* "CY8ETA" 
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r vr***"/// - 



* i - v * f * • - • 'r * 


li'.C' r c. ■ AT 


" * * * f ; L “ r h L 

c:v: lcfec 

ZL J 'Mi; t : 

r 1C F’.Ti T 


m cy:v = 

", 1 FI 

.5/) 

i 5 7 F C ' ■ A 7 

f 1 ; y » * 

£ FA t F r = 

“ , 1 r ! l 

.:/) 

11?C fit.' AT 


"r yr - 

ii * 

/ f * 1 


1i:: FCF.; AT 
RETURN 

ex. 

,# ***fc> D CF 

StbPCLT If 

£*+*"///) 




* * *KU -FRL DEVELOPED SUBROUTINE: CYB*** 


TESTRUN FOR LEARJET MODEL 26- — 


CYBW 

5 

-0.014325 

CYBB 

Z 

-0.198978 

ARVEFF 

- 

2 . 14 424 5 

CYBV 

£ 

-0.378734 

CY3 

- 

-0.592037 

***£ND 

OF 

SUBROUTINE*** 


Figure 11.14.7: continued 
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11.15 C , VARIATION OF ROLLING MOMENT COEFFICIENT WITH SIDESLIP ANGLE 

6 

11.15.1 DERIVATION OF EQUATIONS 


Reference 1 presents the method used for calculating C. . C may 

*8 8 

be estimated from three contributions: the wing, the horizontal tail, 

and the vertical tail contributions. 


- C, 


+ C, 


+ C, 


‘8 


WB 


‘e. 


8, 


(11.15.1) 


The wing body contribution is found from: 


C - 57.3 
WB 




A 


c/2 


AC, 

rl ~r V + ~r) + (c t > + 

zw 


AC. 


0 tan A 


B 


c/4 \ 0 tan A 


c/4 


(rad 


where: 


(11.15.2) 


C T - C T is the steady state lift coefficient. 

hjB L 


~z — is the wing sweep contribution obtained 

C L . 

c/2 from Figure 11.15.1. 

IC. is the compressibility (Mach number) 

“a 

correction to sweep obtained from Figure 
11.15.2) 


is a fuselage correction factor obtained 
from Figure 11.15." 
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*ure 11*15.1: Wing Sweep Contribution to C 
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is the aspect ratio contribution obtained 
from Figure 11.15.4. 



is the wing dihedral angle, positive up 

is the wing dihedral effect obtained from 
Figure 11.15.5. 



is the compressibility correction to 
dihedral obtained from Figure 11.15.6. 



is the body-induced effect on the wing 
height and is given by: 



r 

where : 


-.005 Sk (£) (deg~ 2 ) 

b is the wing span, 

d is given by: 


and 


(11.15.3) 


V 


average fuselage cross sectional area 
.7854 


( sc 0 

' e/ ZW 


(11.15.4) 

is another body induced effect on the wing 


height given by: 

i.i/ti /Z * 


( ic * 8 ) 2M ■ - (t)¥ W*' 1 ) 


(11.15.5) 


where: is the vertical distance from the wing 

root quarter chord point to the fuselage 
centerline, positive downward, 
d is the same as in equation (11.15.4) 
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Figure 11.15-X Effect ->f Uniform Geometric Dihedral on Wing 
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Figure 11. IS. ^ Effect of Wing Twist on Wing C ^ 
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AC, , 


u s 


0tanA 


c/4 


is a wing twist correction factor obtained 
from Figure 11.15.7. 


0 is the wing twist between root and tip 

sections, negative for washout. 

The contribution of the horizontal tail, C p , can be approxi- 

\ 

mated by: 


C = c 

V \ S b 

S H3 


(11.15.6) 


where: 

C p is found from Equation (11.15.2), treating 

•■'hb 

the fuselage horizontal tail the same way 
(and using C = the C of the horizontal 

tail) . 

The contribution of the vertical tail, C , can be estimated 

\ 


from: 


(Zycosa - J.„sina) 

C. - C r rad -1 

*8 y S b 

°v °v 


(11.15.7) 


where : 


Z v and 


y 


8 


V 


are defined in Figure 11.19.2a, and 

is calculated from the methods of Section 
11.14. 


11.15.2 HAND CALCULATION 

For the hand calculation, data for Airplane A are used. Appendix C 
details the geometric data. 
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Flight Conditions 
M * .42 
a - 10.9° 

C L - 1.4 

Applying these data to the previous figures, the following values are 
obtained: 

For the Wing: For the Horizontal Tail: 

% 

« -.00075 -.0015 


\ 

= 1.04 

1.0025 


= .95 

.7 (by extrapolation) 

% 

C. 

= .0077 

-.0013 

L A 






r 

= -.00021 

-.0016 


=* 1.03 

1.03 


- .0000345 

-.00003 

QtanA c/4 

By Equation (11.15.4), for the wing 


d - 5.25 

ft. 


Then, by Equation (11.15.3): 


AC, 

8 . 

r 

00C02 deg" 2 


( 4c t ) 

» -.00058 


V ® zw 
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Therefore, the wing-body contribution becomes: 


C. - -.157 rad 
e 

WB 


For the horizontal tail: 


again, d ” 5.25 ft 


-.00013 


For the horizontal tail on the airplane 


1 K). 


is not calculated 


(= 0) because the tail is detached from the fuselage and not affected 
by body influences. 

C T , f^on Reference 2, for the given flight condition is: 

hi 

C T = .192 
C, = -.0259 


Therefore: 


C. = -.00213 (rad ) 

*8 

d H 


For the vertical tail, from Sectionll.14 , under the same 


flight conditions. 


C = -.168 (rad ) 

\ 

C 0 = - 00879 (rad _1 ) 


The total airplane derivative, C. , is: 

8 


C. » -.1679 (rad A ) 
d 
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11.15.3 DESCRIPTION OF PROGRAM 

The CLBETA subroutine comprises several functions that calculate 
(curve fit) the values displayed in the graphs presented earlier. 

The function scheme is preferred because it allows the multiple usage 
of each curve fit, required by C. and C 0 

\ra \ 

Most of the curve fits use the function RDP for determining 
the values, with assorted linear and nonlinear interpolation! inter- 
mixed to derive the proper values. The reader is referred to the 
following flow chart section, and the listing of the program for 
calculation details (Section 11.15.5). 

TABLE 11.15.1 VARIABLE LIST FOR SUBROUTINE CLBETA 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 

AFSA 

— 

ft 2 

Common 

Average 
Fuselage Area 

ALPHA 

a 

deg 

Common 


ALF1 

4 f 

W 

ft 

Calculated 


ALF2 

H 

ft 

Calculated 


AR 

A 

— 

Common 


ARH 


— 

Common 


B 

b 

ft 

Common 


BHT 

b H 

ft 

Common 


CL 

C L 

— 

Common 

ORIGINAL MB®® 

of poor quau™ 

CLH 

c T 

— 

Common 



11.15.10 





TABLE 11.15.1 VARIABLE LIST FOR SUBROUTINE CLBETA (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


CLB 


rad ^ 

Calculated 

Output 


S 




CLBH 


rad * 

Calculated 

Dummy Variable 


x s 




CLBV 

C* 

rad ^ 

Calculated 

Dummy Variable 


\ 




CLBWB 

% 

8 wb 

rad ^ 

Calculated 

Dummy Variable 

CRCLH 


ft 

Common 


CRCLW 


ft 

Common 


CYBV 

c 

rad ^ 

Subroutine 



y B 

P V 


CYB 


DIHD 

r 

deg 

Common 


DIHDH 

P H 

deg 

Common 


DLMC4 

^c/4 

deg 

Common 


DLMC4H 

^c/4 
' H 

deg 

Common 


ELC4W 

— 

ft 

Common 

Distance from 
nose to L.E. 





Cr w 

ELC4H 

— 

ft 

Common 

Distance t rot* 
nose to L.E. 





Cr H 

EM 

M 

— 

Common 


LV 


ft 

Common 
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TABLE 11.15.1 VARIABLE LIST FOR SUBROUTINE CLBETA (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 




2 


SHT 

S H 

ft 

Common 

SLM 

X 

— 

Common 

SLMH 

X H 

— 

Common 

SW 

3 

GO 

ft 2 

Common 

THETA 

0 

deg 

Common 

THETAH 


deg 

Common 

ZV 

z v 

ft 

Common 

zw 


ft 

Common 


Figure lx. 15 . 8 shows a flowchart of the program, figure 11.15.9 
shows a listing and a sample output of the program. 
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Figure 11.15. S Flowchart for Subroutine "CLBETA" 
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IOC SUBROUTINE CLBETA(CLB) 

20 COMMON /WING/ DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

30 COMMON /HORZ/ DLMC4H,ARH,$LMH,BHT,CBARHT,SHT, 

40 8CLAHP,CRCLHT 

50 COMMON /VERT/ DLMC4V,ARV,SLMV,BVT,CBARVT,$VT, 

60 8CLAVP,CRCLVT 

70 COMMON /GEOM/ DIHD,ZW,SAH,XHMAC,ELINC 

80 COIWON /FUS/ ELF,DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 

90 COMMON /FLITE/ ALPHA, EM,CL 

100 REAL LV,LN 

110 DIMENSION CLBWB(2) 

120 AFSA=21 .65 

130 THETA=0. 

140 THETAH=0. 

150 DIHDH=0. 

160 ELC4W=22.85 

170 ELC4H=43.59 

180 CRCLH=5. 

190 CLH=. 178847 

200 RADD4W=.017453*DLMC4 

210 RADD4H=.017453*DLMC4H 

220 RADD2W=ATAN(SIN(RADD4W) /COS (RADD4W) -(( (1 . -SLM) 

230 8/(1.+SLM))/AR)) 

240 RADD2HsATAN(SIN(RADD4H)/C0SCRADD4H)-(C(1.-SLMH) 

250 8/(1 .+SLMH) ) /ARH)) 

26C ALF1=(B/2.)*SIN(RADD2V) /COS (RADD2W) +CRCLW/4.+ELC4W 

270 ALF2=(BHT/2.)*SIN(RADD2H)/C0S(RADD2H)+CRCLH/4.+ELC4H 

280 A=CLBETC(AR,RADD2W,3LK) 

290 BB=C0MGAM(AR,RADD2W, EM) 

300 C=FCF(AR,RADD2W,ALF1,B) 

310 D=CLBCLA(AR,SLM) 

320 E=DIHD 

330 F=CLBD(AR,RADD2W,SLM> 

340 G=DELG(AR,B,AFSA> 

350 H=DELZW(AR,B,ZW,AFSA) 

360 P=THETA 

370 R=D0MGAMCAR,EM,RADD2W) 

380 Q=DELCLB(AR,SLM) 

390 S=SIN(RADD4W)/C0S(RADD4W> 

400 V=CL 

410 1*1 

420 GO TO 2 

430 1 A=CLBETC(ARH,RADD2H,SLMH) 

440 BB=C0MGAM(ARH,RADD2H,EM> 

450 C=FCF(ARH,RADD2H,ALF2,BHT) 

460 D=C LBC LA ( ARH , SLMH) 

470 E=DIHDH 

480 F=CLBDCARH,RADD2H,SLMK) 

490 G=DELG(ARH,BHT,AFSA) 

500 H=0. 


Figure 11.15.9: Lifting for Subroutine "CLBETA" 
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510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
71 0C 
720 
730C 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 


PsTHETAH 

R=DOMGAM(ARH,EM,RADD2H) 

Q*DELCL8(ARH / SLMH) 

S=SIN (RADD4H) /COS (RADD4H) 

V=CLH 

1*2 

2 CLBWB(I)=57.3*CV*(A*BB*C+D)+E*<F*R+G)+H+P*S*Q) 

IF(I.EQ.2> GO TO 3 

GO TO 1 

3 CLBH=(CLBWB(2)*SHT*BHT)/C$W*B) 

CALL CYBETA(CYB / CYBV) 

ALPHAR=ALPHA*.017453 

CLBV=C YBV*(ZV*COS (ALPHAR ) -LV*S IN (ALPHAR ) ) /B 
CLB=CLBWB(1 )+CLBH+CLBV 
WRITE(6,4) CLB 

4 FORMAT(//,10X, ' ***KU“FRL DEVELOPED SUBROUTINE: CLBETA *** 1 , 

III, 10X,' CLBETA = ',F10.5,//,10X,'*** 

8** END OF SUBROUTINE*****' > 

STOP 

END 

KU FRL SUBROUTINE CLBETA 
FUNCTION CLBETC (ARW,DLMC2,TAPER) 

C LB/CL CURVE FIT 
DIMENSION C0(3) / Y(6) / B(3) / CLBC3) 

DLM=DLMC2*57.3 

C0(1)*(. 05624+2. 8456*AL0G(ARW))/6. 2 
C0C2)~C- 2+1 .9997*AL0GCARW> )/4.35 
C0(3)=(.3671+1.3888*AL0G(ARW))/2.95 
IFCDLMC2.GT.0.0) GO TO 10 
Y(1)=-(5.25E-05*DLM) 

Y(2)=-(9.25E-05*DLM) 

Y (3)=-(6.E-05*DLM) 

Y (4 ) =- ( 9 . E-05 *DLM) 

Y(5)=-(6.5E-05*DLM) 

Y(6)=-(8.E-05*DLM) 

GO TO 20 

10 Y(1)=-(6.E-05+3.989E-05*DLM+3.75E-07*DLM**2) 
Y(2>=-(6.964E-05+6.4c?E-05*DLM+1.116E-06*DLM**2) 

Y (3 ) =- (6 . 25 E-06+4 . 967E-05 *DLM+3 . 795E-07 *DLM**2 ) 

Y (4)=-(5.089E-05+5.737E-05*DLM+1 ,103E-06*DLM**2) 
Y(5)=-(2.669E-04+4.339E-05*DLM+4.268E-07*DLM**2) 

Y (6) *- (6 . 786E-05 +5 . 746E-05 *DLM+7 . 679E-07*DLM**2) 

20 DO 1 1=1,3 

B( T ' Y(I*2)-Y(I*2-1) 

CL.V .)=C0(I)*B(I)+Y(I*2-1) 

1 CONTINUE 

IF(TAPER.LE.1.0.AND.TAPE'<.GE..5)G0 TO 30 
GO TO 40 

30 CLBETC=GRAB(1 .0, .5, CLB (1) ,CLBC2) ,TAPER) 

GO TO 50 


Figure 11.15.9: Continued 
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I 

o 


1010 40 CLBETC=GRAB(.5,0.0,CLB(2),CLB(3>,TAPER> 

1020 50 RETURN 

1030 END 

1040 FUNCTION D0M6AM(ARW,EM,DLMC2> 

1050C KMGAMHA CURVE FIT 

1060 DJMENSION XF(10),YF(5),CD<10,5) 

1070 DATA YF/2.,4.,6.,8.,10./ 

1080 DATA CD/1 .001,1.0025,1 .006,1 .01,1 .015,1 .02,1 .025,1 .035, 

1090 81.05,1.0575,1.002,1.005,1.012,1.025,1.0425,1.060,1.085, 

1100 81.175,1.16,1.185,1.003,1.0075,1.018,1.040,1.065,1.1, 

1110 81.145,1.195,1.275,1.33,1.004,1.01,1.024,1.045,1.08,1.1225, 

1120 81.18,1.235,1.39,1.49,1.005,1.0125,1.03,1.0505,1.095,1.145, 

1130 81.215,1.32,1.5,1.635/ 

1140 F=ARW/C0S(DLMC2) 

1150 G=EK*COS ( DLMC 2 ) 

1160 DC=1 .0 

1170 CB=.0 

1180 DO 1 1*1,9 

1190 CB=CB+.1 

1200 XFCI)=CB 

1210 1 CONTINUE 

1220 XFC10)=.95 

1230 IF(F.GT.IO.O) F=10. 

1240 D0MGAM=RDP(1 .0,F,G,1,5,10,10,DC,YF,XF,CD) 

1250 RETURN 

1260 END 

1270 FUNCTION D E LC LB (ARW, TAPER) 

1280C WASHOUT EFFECT CURVE FIT 

1290 DIMENSION BC(9,4),XFT(9),YFT(4) 

1300 DATA XFT/3.,4.,5.,6.,7.,8.,9.,10.,11 ./ 

1310 DATA YFT/0.,.4,.6,1.0/ 

1320 DATA BC/-.000019,-.000022,-.0000235,-. 000023, -.000023,-. 000024,-.00002573, 

1330 8-. 000022,-. 000029,-. 00003225, -.0000335, -.000034, -.00003425, -.000035, 

1340 8-. 000023, -.000030, -.0000335, -.000035, -.0000365, -.00003675, -.0000368 75, 

1350 8-. 000023, -.000030, -.0000335, -.000035, -.0000365, -.00003675, -.000036875, 

1360 DW=1.0 

1370 DELCLB =R DP (1.0, TAPER ,ARW, 1,4, 9,9, DW,YFT,XFT,BC) -.00002825,-.00003275, 

1380 RETURN -.000037, -.000041 5, 

1390 END -.00003975, -.000048, 

1400 FUNCTION CLBCLA(ARW,TAPER) -.00003975,-.000048/ 

141 OC CLBETA/CLA CURVE FIT 

1420 DIMENSION AF(8),TF(3),CC(8,3),P(1),PD2(3),CCEPT(3) 

1430 DATA CCEPT/-.001 1 ,-.001 75, -.0025/ 

1440 DATA CC/-.0056,-.00225,-.00105,-.0004,-. 00015,0. ,.0003,. 00053, 

1450 8-. 008,-.004,-. 00225, -.0014,-.00095, -.0006,-. 00035, -.00015, 

1460 8-. 0112,-.006,-.0036,-.0025,-. 00175, -.0014, -.0011, -.0009/ 

1470 D=1 .0 

1480 IFCARW.GE.8.0) GO TO 3 

1490 B=0. 

1500 DO 1 1=1,8 


.r P '•■’Id «* » 
JHMW PT’T f *’’ 1 * ® 


Figure 11.15.9: Continued 
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1510 8=8+1. 0 

1520 AF(I)=8 

1530 1 CONTINUE 

1540 88=-. 5 

1550 DO 2 11=1,3 

1560 B8=88+.5 

1570 TF(II)=88 

1580 2 CONTINUE 

1590 CLBCLA=RDP(1.0,TAPER,ARU,1,3,8,8,P,TF,AF,CC> 

1600 GO TO 7 

1610 3 DO 4 J*1,3 

1620 PD2(J )=.0002*ARW+CCEPT ( J ) 

1630 4 CONTINUE 

1640 IFITAPER.GE. .5.AND.TAPER.LE.1 .0) GO TO 6 

1650 CLBCLA=GUESS(TAPER,.5,.0,PD2C2),PD2<1)) 

1660 GO TO 7 

1670 6 CLBCIA=GUESS(TAP£R,1.0,.5,PD2(3),PD2(2)> 

1680 7 RETURN 

1690 END 

1700 FUNCTION COMGAM( ARU, DLMC2, EM) 

171QC KNLANDA CURVE FIT 

1720 DIMENSION C(18,7>,ACF(7>,BCF(18) 

1730 DATA ACF/2.,3.,4.,5.,6.,8.,10./ 

1740 DATA C/1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0, 

1750 81.0,1.0,1. 0,1. 0,1. 0,1.0,. 995, .992,. 988, 

1760 81 .0,1 .001 ,1 .003,1 .005,1 .007,1 .010,1 .012,1 .014,1 .016, 

1770 81 .018,1 .025,1.03,1 .033,1 .034,1.035,1.035,1 .035,1 .03, 

1780 81.0,1.002,1.005,1.007,1.01,1.017,1.02,1.025,1.032, 

1790 81. 042/1 .053,1 .063,1.072,1.08,1.09,1.1,1.105,1.104, 

1800 81 .0,1 .003,1 .01 ,1 .015,1 .017,1 .027,1 .034,1 .037,1 .052, 

1810 81.067,1.085,1.1,1.125,1.135,1.16,1.182,1.2,1.207, 

1820 81 .0,1.004,1.015,1 .022,1 .03,1 .0375,1.042,1.052,1 .073, 

1830 81.092,1.117,1.142,1.172,1.207,1.247,1.282,1.325,1.362, 

1840 81 .0,1 .007,1 .02,1 .025,1 .042,1 .055,1 .0655,1 .09,1.117, 

1850 81.1375,1.18,1.217,1.265,1.32,1.4,1.475,1.58,1.69, 

1860 81.0,1.01,1.025,1.035,1.05,1.07,1.095,1.115,1.147, 

1870 81.18,1.23,1.277,1.355,1.43,1.52,1.65,1.85,2.06/ 

1880 F=ARW/C0S(DLMC2) 

1890 G=EM*COS CDLMC2) 

1900 D=1 .0 

1910 B=.05 

1920 DO 1 1=1,18 

1930 B=8+.05 

1940 BCF(I)=B 

1950 1 CONTINUE 

1960 IFCF.GT.10.) F=10. 

1970 C0MGAM=RDP(1.0,F,G,1,7,18,18,D,ACF,BCF,C) 

1980 RETURN 

1990 END 

2000 FUNCTION FCF(ARW,DLMC2,ALF,B) 


Figure 11.15.9s Continued 
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201 OC FUSELAGE CORRECTION FACTOR 

2020 DIMENSION 888(9,7), XFB(9),YFB<7) 

2030 DATA XFB/0.,.2,.4,.6,.8,1.0,1.2,1.4,1.6/ 

2040 DATA YFB/4. 0,4. 5, 5. 0,5. 5, 6. 0,7. 0,8.0/ 

2050 DATA BB8/1. 0,1. 0,1. 0,1. 0,1. 0,1. 0,1.0,. 9902,. 9696, 

2060 41 .0,1 .0,1 .0,1 .0,1 .0,1 .0,.9804, .9478,. 9109, 

2070 41.0,1.0,1.0,1.0,. 9967, . 971 7, . 9228, . 8478, . 8489, 

2080 41. 0,1. 0,1.0,. 9924,. 963,. 9217,. 8706,.8098,. 7456, 

2090 41 . 0, 1 . 0, . 9967, . 9696, . 9326, . 8848, . 81 85 ,. 761 96, . 6946, 

21 00 41 . 0, 1 . 0, . 9783, . 9435 , . 8989, . 8446, . 7804, . 71 1 96, . 640 2, 

2110 41.0,. 986,. 959,. 9196,. 8696,. 8109,. 7435,. 6696,. 5913/ 

2120 DA*1.0 

2130 FUS=ALF/B 

2140 F*ARW/C0$(DLNC2) 

2150 IFCFUS.GT.1 .5) GO TO 4 

2160 IF(F.GT.8.0) GO TO 1 

2170 FCF=RDP(1.0,F,FUS,1,7,9,9,DA,YFB,XF8,B88) 

2180 GO TO 2 

2190 1 FCFE=RDP(1 .0,8.0, FUS, 1,7, 9,9,DA,YF8,XFB,BBB) 

2200 DE=F-3. 

221 0 CPD=(-7. 0804+1 1 2.954+ALOG (DE))/171 . 

2220 CF=.9696-(CPD*.3783> 

2230 DF=.5913-CF 

2240 FCF=FCFE-(((3. 857+10. 7*FUS)/21.)*DF) 

2250 GO TO 2 

2260 4 EX1=1.233-.4*FUS 

2270 EX2=1.13-.1*FUS 

2280 DED=F-3. 

2290 EEX=EX2-EX1 

2300 FCF=EX2-(( (-7.084+11 2. 954*AL0G(DED))/171.)*SEX) 

2310 2 RETURN 

2320 END 

2330 FUNCTION CLBD(ARW,DLMC2, TAPER) 

2340C DIHEDRAL EFFECT 

2350 DIMENSION AAA(11,2),ABA(11,2),ACA(11,2),ADF(11),D(1),PX(6),XDF(2),PT(3) 

2360 DATA XDF/1.,2./ 

2370 DATA ADF/0.,1.,2.,3.,4.,5.,6.,7.,8.,9.,10./ 

2380 DATA AAA/O., -.00005, -.000095, -.001 35, -.0001 675, -.0001 925, 

2385 4-. 0021 5, -.0002375, -.0002523, -.00027, -.0002875, 

2390 40., -.00005, -.000075, -.0001 25, -.0001 352,-. 0001 475, -.0001 875, 

2395 4-. 0001 675, -.0001 752, -.0001 775-. 0001 825/ 

2400 DATA ABA/O., -.0000525, -.0000975,-. 0001 325, -.0001 625, -.0001 875, 

2405 4-. 0002075,-. 0002275,-. 00024,-. 000255,-. 00027, 

2410 40. ,-.00005,-.000085,-. 00011, -.00013,-.0001425, -.0001525, -.00016, 

2415 4 -.000165,-.00017,-.0001725/ 

2420 DATA ACA/O.,-. 0000525, -.0000875, -.000115,-. 000135, 

2425 4-.0001525,-.0001675,-.00018,-.00019,-. 0002,-. 00021, 

2430 40. ,-.0000425, -.0000725,-. 000095, -.0001075,-.0001 175, 

2435 4-. 000125,-. 0001325,-.0001375,-. 00014, -.000145/ 


Figure 11 ,15. 9 i Continued 
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2440 DNM=DLNC2*57.3 

2450 ONN=ABS(DNH) 

2460 PX(1)=RDP(1.0,1.0,ARW,1,2,1 V i,D,XDF,ADF,AAA) 

2470 PX(2)=RDP(1.0,2.0,ARW,1, 2,11,11, D,XDF,ADF,AAA) 

2480 PX(3)=RDP(1 .0,1 .0,ARW,1,2,11,11,D,XDF,ADF,ABA) 

2490 PX(4)=RDP(1 .0,2.0,ARW,1,2,11,11,D,XDF,ADF,ABA) 

250C PX(5)=RDP<1. 0,1. 0,ARW,1, 2,11, 11,D,XDF,ADF,ACA) 

2510 PX(6)=RDP(1.0,2.0,ARW,1,2,11,11,D,XDF,ADF,ACA) 

2520 DO 3 K=1,3 

2530 PT(K)=PX(K*2)-PX(K*2-1) 

2540 3 CONTINUE 

2550 PT ( 1 ) = ( ( . 0004 5*DNM**2 .774)/38.5)*PT(1)+PX(1) 

2560 PT <2 ) = ( ( . 00055 *DNM**2 . 7095 ) /36 . ) *PT ( 2) +PX (3 ) 

2570 PT (3) = ( ( .0001 8*DNM**2. 9069) /26 . ) *PT (3) +PX (5 ) 

2580 IF(TAPER.LE. .5.AND.TAPER.GE.0.) GO TO 5 

2590 C LBD=GUE SS ( T A PER , 1 . 0, . 5 , PT ( 1 ) , PT ( 2 ) ) 

2600 GO TO 6 

2610 5 CLBD=GUESS(TAPER,.5,0.,PT (2),PT(3) ) 

2620 6 RETURN 

2630 END 

2640 FUNCTION GRAB(A,B,C,D,X) 

2650 GRAB=C-((A-X)*(C-D) /(A-B) ) 

2660 RETURN 

2670 END 

2680 FUNCTION GUES$(X,Y,Z,W,U) 

2690 GUE$S=«X-Z)*(W-U)/(Y-Z))+U 

2700 RETURN 

2710 END 

2720 FUNCTION DELG(ARW,B,AFSA) 

273 OC DELTA C LB/GAMMA 

2740 D=SQRT (AFSA/.7854) 

2750 DELG=-(.0005*SQRT (ARW)*(D/B)**2) 

2760 RETURN 

2770 END 

2780 FUNCTION DELZW(ARW,B,ZW,AFSA) 

279 OC DELTA CLB/ZW 

2800 D=SQRT (AFSA/ .7854) 

2810 DELZW=-((1 .2*SQRT (ARW)/57.3)*(ZW/B)*(2.*D/B) ) 

2820 RETURN 

2830 END 


***KU-FRL DEVELOPED SUBROUTINE: CLBETA*** 
CLBETA = -0.11700 

*****END OF SUBROUTINE***** 


Figure 11.15.9: Continued 
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Comparison of the computer generated values with the hand calculation 
shows that the functions, and the total subroutine, calculate with good 
accuracy: 

C # * -.1679 (rad -1 ) 

Hand check 

C - -.16844 (rad -1 ) 

Subroutine 

The subroutine was tested for 3 flight conditions on airplane A, see 
Appendix C. The following table illustrates these conditions. 



Table 11.15.2 

Flight 

Conditions 






-lx 

Flight Condition 

a (deg) 

M 

C L 

C (rad ) 

*0 

i 

11.3 

.152 

1.04 

-.188 

2 

1.74 

.83 

.265 

• -.130 

3 

10.9 

.42 

.192 

-.192 


These flight conditions were applied to subroutine CLBETA with the 
following results (sample outputs) . 


FC 

C. (rad -1 ) 
*0 

1 

-.16517 

2 

-.1170 

3 

-.16844 


Comparison of these results with the C values of Reference 11.15.2 

6 

(Table 11.15.2) indicate that subroutine CLBETA underpredicts by about 
10% - 12%. This value is acceptable, for preliminary design purposes. 
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11.16 VARIATION OF YAWING MOMENT COEFFICIENT WITH SIDESLIP ANGLE C_ 
n 


11.16.1 DERIVATION OF EQUATIONS 

Reference provides the following- method for the calculation 
of this variable. 

For a tail-aft configuration this derivative may be broken 
up in the following dontributions: 

C - C + C + C + C (11.16.1) 

^/J ^(J 

6 8 w 6 b s v s p 

Usually, the wing contribution C is small, except at high 

\ 

angles of attack. In that case it may be calculated using a formula 
from Reference 11.16.2. 

Wing yawing moment derivative at low speeds: 


C I 

y\ r_j_ 

r 2 I * |4ir/R 

•m-o 


tanA 

c/4 

+ 4cosA 


cM>(' 


ccsA 


c/4 


& 

2 


iR 
8cosA 


c/4 


•f^)] «--> 


(11.16.2a) 


where: X is the longitudinal distance from the 

center of gravity to the wing aerodynamic 
center, positive rearward. 

At high sweep angles the above formula is no longer correct. 

In that case, the Prandtl-Glauert Rule may be applied to yield a 
correction for the first order three-dimensional effects of compres- 
sibility. The resulting expression is: 


11.16.1 



* + ^h/iiV * 2 * 2 - 4 * B cosA i/4; - 8c ° s2a imi) % 

2 


■ & B + 4cosA 


l/4c> 


M 


(11.16.2b) 


M-0 


where : 


VTTm 


2 2 a 
cos A 


c/4 


(11.16.2c) 


The body contribution, C , including the interference effect 

n B 


B 

of the wing on the body, may be found using: 

S, 


-57.3 


‘8 


B 




(rad -1 ) 


(11.16.3) 


where. i s an em pi r -[ ca l factor for body and body 

and wing effect, found from' Figure 11.16.2. 


K_ is a Reynolds Number correction factor 

for the fuselage, found from Figure 11.16.3. 


Sg & are geometric parameters, defined in Figure 
11.16.1. 
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Figure 11, 16,2; Empirical Factor for Wing + Wing-Body 
Interference 



Figure 11.16.3: Efface of Fuaelage Reynold* Number on Wing- 

Body Combination* 
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The vertical tail contribution, 



, may be obtained from: 




JlyCosa + ZySina \ 
5 ) 


(rad -1 ) 


(11.16.4) 


where : 

ly and Zy are defined in Figure 11.16.1. 


The 3 ide-force derivative C y may be 

\ 

obtained from Section 11.14. 

The fuselage length, £_, is readily available in GASP. However, 

D 

other fuselage parameters, like H. , H 0 and S„ are not. The repre- 

1 2 B s 

sentation of the fuselage as it is in the current setup is not very 

realistic, and therefore the above parameters should not be derived 

in 6.1 

using the GASP method. Reference V documents a program, developed 
by the K.U. Flight Research Laboratory, that provides a very realistic 
representation of the fuselage. This program will therefore be used 
to calculate the fuselage parameters. 

By using HP 65 curve fitting routines, the following approximations 
were found for Figures 11.16.2 and 11.16.3: 



(11.16.6) 


(11.16.7) 


11.16.4 



Y - 2.8333 - .41667 + X. 

b 1 


■< 8 : 


£ 2 A 2 ' 

X x - 6.0942 - 1.3516 + .135251^- 

B S V B S 


.0062 


+ .001 


B 


S, 

2 2 

V V 

8 <^-<12: X. - - .12 g 2 - + 1.91 

B s B s 


l 2 A 2 

> 12: X 1 * - .05875 ^ - + 1.175 

B s % 



- - 1.830754 + .20494 • LN (R^) 
where: is the Reynolds number of the 


fuselage 




(11.16.8) 


(11.16.9) 

(11.16.10) 

(11.16.11) 

(11.16.9) 


11.16.2 HAND CALCULATION 

Following is a hand calculation for Airplane A , using the 
graphs as provided in this chapter. The input data are given 
in Appendix C . 

The wing contribution at low Mach numbers follows from 
Equation (11.16.20): 



0.0219 


(rad* 1 ) 


ORIGINAL lAGR k> 
OP POOR QUALITY} 
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The compressibility correction yields: 


W 


0.00732 (rad ) 


M 


From Figure 11.16.2 follows the factor K^, using the following 
variables: 


l V S B s 

- 13.3 

V*b 

- 0.538 

^h 1 /h 2 

■* 1.22 

h/w 

- 1 

This yields: 



Kjj - 0.00155 


For a fuselage Reyuolds number of: 

“ms ■ 6, - 9 * 10<i 


It follows for the correction factor in Figure 11.16.3: 



1.87 


The body contribution now follows from Equation (11.16.3): 

C - -0.1271 (rad -1 ) 

\ 

The vertical tail contribution follows from Equation (11.16.4) 
(The vertical tail sideforce derivative is calculated in Chapter 
11.14.) 

C - 0.190 (rad -1 ) 


Assuming that the power effect is negligible, the result is: 


0.07024 (rad -1 ) 


OKI 

0£ FUOtv W 
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The computer generated a value of: 

C - 0.06296 (rad -1 ) 

n B 

The difference is mainly attributable to an accumulation of errors 
in curve fittings for figure 11.16.2. This compares to a test value 
of : 

C - 0.08594 (rad -1 ) 

n s 

One of the reasons for this higher value could be the effect of the 
extension of the vertical tail below the fuselage. This could account 
for an increase of 8% in C„ or an increase of 21% in C . This 

\ "s 

would produce a value of C ■ 0.0854 (rad 1 ) for the hand calculation. 

n B 

Table 11.16.1 lists the variable names in the routine. 


TABLE 11.16.1: VARIABLE NAMES IN SUBROUTINE ”CNB” 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ALPHA 

a 

rad 

Common 


AR 

a 

— 

Common 


B 

b 

ft 

Common 


BATA 

B 

— 

— 

Compressibility 

Correction 

CBARW 

c 

— 

Common 


CL 

C L 

— 

Common 


CNB 

C 

°B 

rad 1 

— 


CNBB 

C 

\ 

rad 1 

— 


CNBV 

S 

V 

rad 1 

— 
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T'iBLE 11.16.1: VARIABLE NAMES IN SUBROUTINE "CNB" (continued) 


NAi'E ENG. SYMBOL DIMENSION ORIGIN 


CNBW 

c n 

rad 1 

, , 


\\ 

W| M 



CNBWL 

C 

n o 

“Ih-0 

rad * 

— 

CYBV 

c v 

s v 

rad”* 

— 

DENS IT 

p 

2 4 

lb sec /ft 

Common 

EKCG 

X cg 

ft 

Common 

ELF 

*B 

ft 

Common 

ELTV 

l v 

ft 

Common 

ELWING 

X ac 

ft 

Common 

EM 

M 

— 

Common 

FACT1 

— 

— 

— 

FACT2 

— 

— 

— 

FACT3 

— 

— 

— 

HC 

H c 

ft 

Common 

HI 

H 1 

ft 

Subroutine 




Fuse 

H2 

H 2 

ft 

Subroutine 




Fuse 

KN 

*n 

— 

— 

KRL 


— 

— 

RENUMF 

R c 


— 


FUS 




REMARKS 


11.16.8 
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TABLE 11.16.1: VARIABLE NAMES IN SUBROUTINE "CNB" (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


SBS 

% 

ft 2 

Subroutine 

Fuse 

SW 

s w 

ft 2 

Common 

SWPQC 

A 1/4c 

rad 

Common 

V 

V 

ft/sec 

Common 

VISCOS 

V 

2 

ft /sec 


wc 

w c 

ft 

Common 

XI 

X 1 

— 

— 

X2 

X 2 

— 

— 

ZVT 


ft 

Common 


Figure 11.16.4 shows a flowchart of the routine, figure 11.16.5 
shows a listing as well as a sample printout. 


GE3 


INPUT 

DATA 




COMPUTE 
WING CONTR. 
LOW SPEED 


( 11 . 16 . 2 *) 


COMPUTE 
jCOMPR. CORR. 
WING CONTR. 


(Il.l6.2b/2e) 


Figure 11.16.4: Flowchart of Subroutine "CNBETA" 
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(11.16.6/7/8) 


(11.16.9) 


(11.16.3) 


(Il.I6.it) 


(11.16.1) 


Figure 11.16.4: Continued 


10 WRITE (6,1001) 

20 1001 FORMAT (10X,"KU-FRL DEVELOPED SUBROUTINE FOR THE COMPUTATION 

30 & OF CNB"///) 

40C SUBROUTINE CNB (CNB) 

50 REAL KN,KRL,KA,KV,KC,KW,H1,H2,LN,LT,M1,M2 

60 C0MM0N/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

70 COMMON/ FUS/ ELF, DFUS,HC,WC,LN,ELTH,HH, SO, R2I,LV,ZV 

80 COMMON/FLITE/ ALPHA, EM,CL 

90 C0MM0N/SHAPE2/H1,H2,LT,PHIC1,PHIN1 

100 COMMON/UEIGHT/ELCG,WEIGHT 

110 CNBWL=(1./(12.566*AR)-((ATAN(SWPQC))/(3.142* 

120 8AR*(AR+4.*C0S(SWPQC))))*(C0S(SWPQC)-.5*AR-AR**2./(8.*C0S 

130 8(SWPQC) ) +6.*( (ELWING-ELCG)/CBARW)*( (SIN(SWPQC) ) /AR)) ) 

140 BATA=SQRT(1.-(EM**2.)*(C0S(SWPQC)**2.>) 

150 FACT1=(AR+4.*C0S (SWPQC)) /(AR*BATA+4.*C0S(SWPQC) ) 

160 FACT2=((AR**2.)*(BATA**2.)+4.*AR*BATA*C0S(SWPQC)-8.*(C0S (SWPQC)**2. ) ) 

170 FACT3=(AR**2.+4.*AR*C0S(SWPQC)-8.*(C0S (SWPQC)**2.) ) 

180 CNBW=CNBWL*(CL**2.)*FACT1*(FACT2/FACT3) 

190 CALL CONPAR (PHIC1,KA,KV,KC,KW) 

200 SBSU=HC*(ELF-LN-LT) 

Figure 11.16.5: Listing and Saaple Printout for Subroutine 

"CNBETA" 
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210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560C 
570 
580 
590 
600 C 
610C 
620C 
630 
640 
650 


IF (SBSRAT.EQ.O.) S8SRAT=.75 
SBSEC2=KA*LT*DFUS 
CALL C0NPAR(PHIN1,KA,KV,KC,KW) 

S8SN=KA*LN*DFUS 
SBS»SBSRAT*SBSN+SBSU+SBSEC2 
LB2SBS=ELF**2 . / SBS 
IF (LB2SBS.GE.8.) GOTO 30 

SHIFT1 =6. 0942-1. 3516*LB2S8S+. 13525 *LB2SBS**2.-.0062*LB2S8S**3.+ 
8.0001 *LB2SBS**4. 

GOTO 50 

30 IF (LB2SBS.GE.12. , GOTO 40 
SHIFT1 =-.12*LB2SBS+1.91 
GOTO 50 

40 SHIFT1 =-.05875*LB2SBS+1 . 1 75 
50 CONTINUE 

YVALUE=2.8333*ELCG/ELF-.41667+SHIFT1 
H1H2=SQRT (H1/H2) 

M1=3.6497-3.5796*H1H2-.39*H1H2**2.+2.0149*H1H2**3.-.6946*H1H2**4. 

ZVALUE*YVALUE/M1 

HWRAT=NC/WC 

M2= (-1 . 0147+4 . 4649*HWRAT-3 . 3626*HWRAT**2 . +1 . 0794*HWRAT**3 .-.1217* 
8HWRAT **4 . ) * . 001 
KN=M2*ZVALUE-.0005 
RENUMFsRENUMfOENSIT/VISCOS^V^ELF) 
KRL=-1.830754+.20494*AL0G(RENUMF) 
CNBB=-57.3*KN*KRL*(SBS/SW)*(ELF/8) 

CALL CYBETA (CYB,CYBV) 

CNBV=-C YBV*( ( ELTV*COS (ALPHA ) +ZVT*SIN (ALPHA) ) /B) 

C NB=C NBW+CNBB+CNBV 
WRITE (6^1007) CNBV 

1007 FORMAT (10X,"VERT. TAIL CONTR.= '^IFIO.S," /RAD'7) 

WRITE (6/1008) CNB 

1008 FORMAT (10X/"TOTAL CNB = '*,1F10.5/" /RAO'V/) 

WRITE (6/1009) 

1009 FORMAT (10X/"***END OF SUBROUTINE***"///) 

RETURN 

STOP 

END 

FUNCTION RENUM (DENS IT/VISCOS/TAS, ALNGTH) 

THIS FUNCTION COMPUTES THE REYNOLDS NUMBER OF A BODY 

RENUM=(TAS*ALNGTH)/VISCOS 

RETURN 

END 


Figure 11.16.5s Continued 
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660 SUBROUTINE CONPAR (PHI,KA,KV,KC,KW) 

670 REAL KA,KV,KC,KW 

680 C 

690 C THIS SUBROUTINE COMPUTES THE AREA CORRECTION FACTORS 

700 C KA,KV,KC AND KU WHEN THE SHAPE PARAMETER PHI IS INPUT 

71 OC THIS SUBROUTINE WAS DERIVED FROM TORENBEEK PG.447 

720C 

730 DATA AK,AK1,AK2,AK3,AK4/-.59,3.8109,-5.721,6.4168,-2.9167/ 

740 DATA VK,VK1,VK2,VK3,VK4/-. 9095, 5. 803,-13. 0927,16. 5927,-7.4074/ 

750 DATA CK,CKl,CK2,CK3,CK4/2. 96,-12. 0488,22. 8752,-18. 3335,5. 5556/ 

760 DATA WK,WK1,WK2,WK3,WK4/-172. 721, 1008. 8388,-2162. 25,2023. 9877, -69 

770 87.9097/ 

780 P0LY(X,C,C1,C2,C3,C4)=C+C1*X+C2*X**2.+C3*X**3.+C4*X**4. 

790 KA=POLY (PHI , AK, AKl ,AX2,AK3,AK4) 

800 KV=POLY( PHI , VK, VKl , VK2, VK3, VK4 > 

810 KC=P0LY(PHI,CK,CKl,CK2,CK3,CK4> 

820 KW=POLY(PHI,WK,WKl ,WK2,WK3,WK4) 

830 CONTINUE 

840 RETURN 

850 END 


7 
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Figure 11.16.5: Continued 
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11.17 C , VARIATION OF SIDE FORCE DUE TO ROLL RATE PERTURBATIONS 


11.17.1 DERIVATION OF EQUATIONS 


Reference 11.7.1, page 8.1 gives C as: 

y p 

( Z cosa - l sina\ , 

—)\ (Tad ' >• 

' y 8 

* v v 


(11.17.1) 


C is obtained from the C subroutine, section 11.14. 


11.17.2 HAND CALCULATIONS 

Three tests were set-up using Airplane A data at three angles of attack. 
The data are from references 11.17.2 and 11.17.3. Table 11.17.1 shows these 
test results. 

Table 11.17.1 - C Tests 
>P 

Test if a C v 


-.084 /rad 


-.058/rad 


-.030/rad 


Note: « .25. Table 11.17.1 is all data, C 

t- • 5 « 


eq. 11.17.1. 


! was not computed from 
y p ~ 


11.17.3 DESCRIPTION OF THE PROGRAM 


The C subroutine computes C directly from eq. 11.17.1. Except for 
7 P y p 

C , which is obtained by calling the C subroutine, the data is obtained 
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from a common block. Table 11.17.2 is a variable list for the C subroutine. 


Table 11.17.2 - Variable List 


Name 

Eng. Symbol 

Dimension 

Origin 

Remarks 

zv 

Z 

Ft 

Common 

Vertical distance from 


V 



c.g. to vert, tail a.c. 

ZLV 

L 

Ft 

Common 

Horizontal distance from 


V 



c.g. to vert, tail a.c. 

B 

b 

Ft 

Common 


CYBV 

C v 

rad ^ 

C y 

Variation of Side Force 


y B 

V 


Subroutine 

due to sideslip due to 
vertical tail 

CYP 

C 

y p 

rad ^ 

— 


Figure 11.17.1 shows 

a flowchart. 

Figure 11. 

17.2 shows a listing as 

well as 

a sample output. 

Table 11.17. 

3 shows the 

results of several tests. 


"CYBETA" 


Figure 11.17.1: Flowchart for Subroutine "CYPE" 
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10 SUBROUTINE CYPE (CYP) 

20 COMMON/ FLITE/ ALPHA, EM, CL 

30 C0MM0N/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 

40 CALL CYBETA (CYB,CYBV) 

50 C YP= (2*C YBV/B) *( ZV*COS (ALPHA) -LV*$IN (ALPHA ) ) 

60 WRITE (6,1000) CYP 

70 1000 FORMAT (10X,"CYP * ",F10.4," PER RADIAN"//) 

80 RETURN 

90 END 


CYP = -0.103 PER RADIAN 

Figure 11.17.2: Listing and Sample Printout for Subroutine "CYPE" 


Table 11.17.3 C Tests, Airplane A 


Test 9 

C v (Data) 
y P 

C„ (Connuter) 
y P 

% Error * 

1 

-.084 /rad 

-.103/rad 

22.62% (too big) 

2 

-.058/rad 

-.075/rad 

29.31% (too big) 

3 

-.030/rad 

-.045/rad 

50.00% (too big) 


* % Error 



- C 


data 


1 computer 


'data 


(100 ) 


The C subroutine method is on the right track, but more tests and 
7 P 

refinement of the program is needed to make it mere accurate. 
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11.18 t VARIATION OF ROLLING MOMENT COEFFICIENT WITH ROLL RATE 
P 

PERTURBATIONS 


11.18.1 DERIVATION OF EQUATIONS 


According to Reference 11.8.1, C. can be estimated as 


follows: 


- C * +C * +C * 

P P WB P H P V 


(11.18.1) 


P WB P W 


_l2_ K 

K ) 


(11.18.2) 


where : 


is the roll damping parameter 


(11.18.2a) 


A = V 1 - M 


(11.18.2b) 


y — ^is found from Reference 1, Figure 8.1. Figure 8.1 is 
given on the following pages as Figure 11.18.1. Use of Figure 11.18.1 
is explained in Section 11.18.3. 


1/2 (c t ) f(f) 


(11.18.3) 


where : 


/AC, \ 

(O -Mi 


T 1 ) 


is found fronp Figure 11.18.1 using the horizontal 


tail geometry. 


11.18.1 



U) X » 0 




Figure 11.18.1: Roll damping paraaacar, uaad for computation 
of C- 
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(11.18.4) 



where: is the vertical distance from the body 

X-axis to the vertical tail aerodynamic 
center : 



Figure 11.18.2: Geometry for determining distance 
vertical tail A.C. to body X~axls 


11.18.2 HAND CALCULATION 

In view of the simplicity of Equations 11.18.1 through 11.18.4, 

an entire hand calculation was not carried out. Instead, the use of 

Figure 8.1, Reference 11.18,1 was checked. 

In the C subroutine, interpolations of Figure 8.1 are done in 
P 

Function RDP. The input data from Figure 8.1 is discussed in Section 
11.18.3. Table 11.18.1 gives hand calculated interpolations versus 
RDP generated interpolations for Figure 8.1. 


11.18.4 




TABLE 11.18.1 HAND CHECK OF FIGURE 8.1, REFERENCE 11.18.1 


TEST # 

n 

BA/k 

a b 

(B C t '"’h.nd 
P 

(B C. /<) 

computer 

1 

.25 

2.5 

40 

-.2140 

-.2140 

2 

1.0 

10.0 

70 

-.2778 

-.2778 

3 

.33 

4.2 

22 

-.3186 

-.3193 

4 

.72 

6.6 

56 

-.3269 

-.3255 


Table 11.18.1 shows that Function RDP interpolates Figure 11.18.1 
very accurately. 

A second source of error is C v . The C. subroutine calls the 

B V P 

C y subroutine to find C y . To see how the C y subroutine compares 
B Y B v Y B 

to a hand calculation, see Section 11.14.2. 

The entire subroutine was checked against Airplane A 
P 

(Reference 11.18.2) and Airplane D (Reference 11.18.3) data. Table 11.18.2 

gives relevant data and C^ for the two aircraft. 

P 


11.18.5 


4 










TABLE 

11.18.2 C l 

P 

TEST CASES 


TEST # 

AIRPLANE 

MACH # 

* (deg.) 

C l (rad" 1 ) 
P 

1 

Airplane A 

.83 

1.74° 

-.535 

2 

tl 

.83 

.95* 

-.550 

3 

II 

.53 

1.07° 

-.440 

j 

4 

II 

.152 

11.30° 

-.370 

5 

Airplane D 

.11 

14.50° 

-.330 

6 

II 

.60 

3.00° 

-.361 


11.18.3 DESCRIPTION OF THE PROGRAM 

The subroutine is straight forward. Tbs most complex part 
P 

is the interpolation of Figure 11.18.1, which is done by Function RDP. 
The limitations of the subroutine are as follows: 


1) .25 < n 1 1.0 

2) 0° < A g 70° 

where: A g ■ tan 1 (tanA c ^/g) 

$ - V 1 - M 2 


3) 


1.5 < — < 10 

— K — 


where : 


$ - m 2 

A ■ Aspect Ratio 


< 



2tt 
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4 ) 


Any limitations in the subroutine also apply because 

B 

the subroutine obtains from the former. 

P By 

5) M < 1.0 

Table 11.18.3 gives variable names and origins. 


TABLE 11.18.3 VARIABLE LIST 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


CLP 

C * 

P 

rad 1 
-1 

Output 


CLPWB 

C * 

P WB 

rad 

-1 

Internal 

Wing-body 
contribution 
to C 

P 

CLPV 

C l 

p v 

rad 

-1 

Internal 

Vertical tail 
contribution 
to C t 

P 

CLPH 

C Z 

P H 

rad 

Internal 

Horizontal tail 
contribution to 

c z 

p 

EM 

M 

-1 

Common 

Mach number 

CLAWP 

c z 

rad 

-1 

Common 

Wing section 

lift-curve 

slope 

CLAHP 

c z 

& H 

rad 

Common 

Horizontal tail 
section lift- 
curve slope 

KAPPA 

K w 

— 

Internal 

C t /2. 
“w 

KAPPAH 

*H 

— 

Internal 

C t n, 
“h 

SW 

S, s 
’ w 

ft 2 

11.18.7 

t ,mmon 

Wing area 

mOOBIALMCEfc 
OP. POOR QUALITY 




TABLE 11.18. 3 VARIABLE LIST (continued) 


NAME ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 

SHT S H 

ft 2 

Common 

Horiz. tall 
area 

B b. b w 

ft 

Common 

Wing span 

BHT b H 

ft 

Common 

Horiz. tail 
span 

zv Z v 

ft 

Common 

Vertical dis- 
tance from body 
X-axis to vert, 
tail a.c. 

CYBV C 

B v 

rad * 

Subroutine 

% 

Vertical tail 
contribution 
to C 

B 

D2 B ZJk 

-1 

rad 

Internal 

Roll damping 
parameter 

AR A, A 

— 

Common 

Wing aspect 
ratio 

ARH A h 

— 

Common 

Horiz. tail 
aspect ratio 

DLMC4 A 

c/4 

deg. 

Common 

1/4 Cy wing 
sweep angle 

DLMC4H A . , 

C/i *H 

deg. 

Common 

1/4 C„ Horiz. 

n 

tall sweep 
angle 

SLM A, X w 

— 

Common 

Wing taper 
ratio 

SLMH A 

H 

— 

Common 

Horiz. tail 
taper ratio 

SWPBW A 0 

°W 

deg. 

Internal 

CanA c/4 

_ -1 W 

™ 6 

SWPBH A„ 

0 H 

0£ U 

deg. 

Internal 

. “” Ac/4 h 

Tan" 1 6 
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TABLE 11.18.3 VARIABLE LIST (continued) 


NAME 

ENG. SYMBOL DIMENSION 

ORIGIN 

REMARKS 

AW 

BA/k 

Internal 


AH 

BAjj/iCg 

Internal 



Figure 11.18.3 shows a flowchart of the program, figure 11.18.4 
shows a listing as well as a sample printout. 



"ROP" 

( 11 . 18 . 2 ) 


"ROP" 

(11.18.3) 


"CYBETA" 
(11. 18. A) 


(11.18.1) 


Figure 11.13.3: Flowchart of Subroutine "CLPE" 
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10 

20 

30 

40 

50 

60 

65 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

323 

326 

330 

340 

350 

360 

370 

380 

390 

400 

430 

440 

470 

480 

490 

500 

510 


SUBROUTINE CLPP(CLP,CLPWB) 

REAL KAPPA,KAPPAH,LN,LV 

DIMENSION DD(24,9),VV(9),UU(3),DDD(4),WW(8) 

COMMON /WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 
COMMON /H0RZ/DLNC4H,ARH,SLMH,BHT,CBARHT,SHT,CLAHP,CRCLHT 
COMMON /FLITE/ALPHA,EM,CL 

COMMON /FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 
DATA VV/1. 5,2., 2.5,3. 5,4. 5,5. ,7.,9., 10./ 

DATA UU/.25,.5,1./ 

DATA WW/O., 10., 20., 30., 40. ,50. ,60. ,70./ 

DATA DD/4*. 1418,. 1412,. 1385,. 1321, .1218,3*. 1449, 

8. 144.. 143.. 1406.. 1347.. 121. .1445.. 1444.. 144.. 1432, 

8.1423.. 1415.. 1374.. 1229.. 1805.. 1809.. 1811. .1802.. 1786, 

8. 1726.. 1605.. 1383.. 1851. .1841. .1831. .1822.. 179.. 1737.. 1621, 

8. 1447.. 1877.. 187.. 1858.. 1834.. 1802.. 1749.. 1636.. 1427, 

8 . 2202. . 2206. . 2204. . 21 83. . 21 4. . 2058. . 1 893. . 1 574. . 2233, 

8. 2226. . 221 4. . 2199. . 2168. . 2083. . 1935. . 1653. . 2303. . 2301 , 

8. 2293.. 2267.. 2216.. 2151. .1982.. 1682.. 2819.. 2821. .28.. 2753, 

8 . 2654. . 2498. . 222. . 1 749. . 2937. . 2942. .2915.. 2876. . 2778, 

8 . 2645 . . 2378. . 1 906. . 3. . 2997. . 298. . 2925. . 2828. . 2686. . 241 , 

8 . 1 977,2* .3331 , . 3309, . 3235, . 3097, . 2858, . 2447, . 1 893, .3501 , 

8 . 3496. . 346. . 339. . 323, 2, . 2983, . 2591 , . 205 4, . 361 4, . 359, .3552, 

8. 3467.. 3234.. 3085. .2702.. 2165.2,. 358,. 3521,. 3436,. 3261, 

8.2973. . 2531 . . 1 934,-3762, . 374, . 3682, . 358, . 3399, . 31 36, . 271 , 

8 . 2097. . 3873. . 3847. . 3789. . 3678. . 3503. . 325 1 . . 2828. .2233, 

8 .421 8. . 4226. . 4167. . 3996. . 3728. . 3323. . 2772. . 2049. . 4526. . 4502, 

8 . 4425 . . 4275. . 3994. . 3583. . 2991 . . 2267. . 4774. . 471 8. . 461 8, 

8 . 4461 . , 1 91 , . 375 3, . 31 87, . 245 5, . 4772, . 4747, . 4638, . 442, . 407, 

8.356. . 2,1 2, . 214, . 5097, . 5059, . 495, . 4747, . 4398, . 39, . 31 96, . 2403, 

8. 546.. 5403.. 5265.. 5008.. 4628.. 4159.. 3503.. 2702.. 4965.. 4955, 

8. 4821. . 4588.. 4198.. 3669.. 2984.. 216.. 5364.. 5306.. 5178.. 4923, 

8. 4543.. 4045.. 3358.. 2475.. 572.. 5659.. 5472.. 519.. 4795.. 4295, 
8.3656,-2778/ 

RLMC4=DLMC4*3. 141 59/180. 

RLMC4H=DLMC4H*3 . 1 41 59/ 1 80 . 

KAPPA=CLAWP/6.28319 
KAPPAH=CLAHP/6. 28319 
BATA=SQRT(1.-EM**2) 


AW=8ATA*AR/KAPPA 

AH=BATA*ARH/KAPPAH 

SWF3W=ATAN ((SIN (RLMC4) / COS ( RLMC 4 ) ) / BAT A ) 
SWPBH=ATAN ( ( SIN (RLMC4H) /COS (RLMC4H) ) /BATA) 
D=RDP(SLM,AW,SWPBW,3,9,8,24,UU,VV,WW,DD) 
CLPWB=-D*KAPPA/BATA 

D2= RDP(SLMH,AH,SWPBH,3,9,8,24,UU,VV,WW,DD) 
CLPHH=-D2*KAPP AH/BATA 
CLPH=.5*CLPHH*(SHT/SW)*( (BHT/B)**2) 

CALL CYBETA(CYB,CYBV> 

CLPV»2.*((ZV/B)**2)*CYBV 

CLP=CLPWB+CLPH+CLPV 


ORIGINAL 

OP POOR QUALITY 


Figure 11.18.4: Listing and Staple Printout of Subroutlna "CLPE" 
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520 WRITE(6,1)EM,CIPWB,CLPH,CLPV,CIP 
530 1 FORMAT (1 OX, 'CRUISE MACH =',F5.3,/,15X,'CLPWB =', 

540 8F8.3,/,15X,'CLPH =',F8.3,/,15X, 'CLPV = '^8.3,/, 

550 &9X,'CLP =',F8.3,2X,'PER RADIAN') 

560 RETURN 

570 END 

CLP = -0.501 PER RADIAN 

Figure 11.18.4: Continued 


Table 11.18.4 below compares the computer generated C £ 's with those 

P 

from References 11.18.2 and 11.18.3 for the tests outlined previously in 
section 11.18.2. 

Table 11.18.4 - C £ Output 
P 


Test # 

Airplane 

C £ (data) 
P 

C (computer) 

P 

% Error 

1 

A 

-.535/rad 

-.501/rad 

6.4% 

2 

t« 

-.550/rad 

-.501/rad 

8.9% 

3 

ft 

-.440/rad 

-.446/rad 

5.9% 

4 

it 

-.370/rad 

-.416/rad 

12.4% 

5 

D 

-.330/rad 

-.418/rad 

26.7% 

6 

ii 

-.361/rad 

-.446/ rad 

23.6% 


It is important to note that the C £ *s for airplane A are themselves 

P 

predictions while the C £ 's for airplane D are predictions for the full 

P 

scale airplane based on model wind tunnel tests. 
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-11.19.1- 


11.19 C„ : VARIATION OF YAWING MOMENT COEFFICIENT WITH ROLL RATE 

I lpJ ■ — 

PERTURBATION 

11.19.1 DERIVATION OF EQUATIONS 

C is estimated in the conventional manner, as the sum of the wing 
n P 

contribution and the vertical tail contributions 


C n p " C n r 


+ C r 


*‘p v (11.19.1) 

The following equations used to determine 0^ and C n p^ are equations 
(8.7) through (8.11), pages 8.2 to 8.3 from reference 11.19*1 


The wing contribution can be expressed as: 


- C 5 


w 

AC 




9 


Pw 


9 + 


Tan 




n 


AC_ 

a c 


C Tan a - 

0 Cl Cl-o 

m 


si 


(11.19.2) 


where : 

C^ is the wing contribution to C^ 

Pw P 

a is the wing angle of attack (a^ = n A ^) 

C T is the wing lift coefficient (C T = C T ) 

L hi L A/C 


(, n P) 

V 



m 


is the slope of the yawing moment due to rolling at zero 

0 

lift given by: 


C 

n 

C L C T 


A + 4 cos A,^ AB+ »s(AB+ cos A^Jtan 
f AB + 4cos A c/4 ^ + + CQS a tan 2 A c/4 C L 


m 


0 

0 


(11.19.3) 
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where : B 


- Vl - ra 


2 2 a 
cos A 


c/4 


C 

n 

< f £) 

C L C t -0 
m * 0 


is the slope of the low-speed yawing moment due to 
rolling at zero lift given by: 


( c > 

L C L-° 


- tanA c/4 tan 2 A r/4 
A + 6(A + cos A_ ,, )(•= 7 + — — — — ) 


c/4 c 


12 


A + 4 cos A 


-] 


(11.19.4) 


c/4 


m = 0 

where: x is the distance from the center of gravity to the aerodynamic 

center of the wing, positive when the a.*., is aft of the c.g. 
c is the wing mean aerodynamic chord. 

Referring to eq. 11.19.2 again: 
where: AC 


0 


is the effect of linear wing twist obtained from Figure 11.19.1 


AC 


is the wing twist in degrees, negative for washout 


£ is the effect of symmetric flap deflection obtained from 


*F 

F Figure 11.19.2 


is the streamwise flap deflection in degrees. 


A 


is the two-dimensional lift-effectiveness parameter, obtained 
from Figure 11.23. Reproduced here as Figure 11.19.3. 


The vertical tail contribution to C can be estimated from: 

°P 

2 Z cosa -l sinct 

C n " “ b U v cosa + Z v sino]t_S b”” 2 1C y 

Pv *v 


(11.19.5) 


where: l and Z y are defined in Figure 11. 
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Figure 11.19.2; Effect of flap deflection on wing 
rolling derivative C 


ORIGINAL SAGE Q 
OF POOR QUALITH 
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Figure 11.19.2a: afinltlon of geoaatric parameters 

is the vertical tail contribution to C 


'8 


11.19.2 HAND CALCULATION 


Six test cases and two hand checks were done to test the C subroutine. 

n 

P 


The hand checks are explained first. 

The first hand check was done to determine if function RDP interpolated 
the graphs (Figs. 11.19.1-.2) correctly. As Table 11.19.1 shows, RDP works 
well for interpolating Figures 11.19.1 and 11.19.2. For a full account of 
function RDP, see Appendix B.l. 

Figure 11.19.3 (the upper-right hand graph only) is expressed in C 

°P 


as an equation derived in section 11.23: 




l 


-.2747 - 1.4584(c f/ c w ) + 


.7406(cp/<^,) 


2 


(11.19.6) 


Table ] 

LI. 19.1 

- Test of Function RDP for Figures 1] 

L.19.1 and 11.19.2 

Test # 

AR 

■ 

AC- /0 (hand) 
P 

AC np /0 (RDP) 

ZError 

1 

5.74 

.564 

-.000116 

-.000115 

1 

.86% 


Test # 

AR 

X 


AC n 

fra/ 35) f 6 f (hand) 

ACn 

© a/ 36) p 6 F (RDP) 

Q9 

1 

! 1 

i 

5.74 

.564 

.482 

-.000117 

-.000111 

i 

5.13% 
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Test case #1, C hand check 

—————— n 

p 

° ■ 11.3°; angle of attack; ref. 2 

* 1.04; lift coefficient; ref. 2 
m ■ .152; mach number; ref. 2 


X - 2.174'; 

eg 

* 0°; flap deflection; ref. 2 

* -.416/rad; C. subroutine 

P f P 

C * -.404/rad; C subroutine 


C 

y 


X 


ac 


■ -.168/rad; C subroutine 

y 

. 25 -*■ X =1.724 
ac 


Find C : 

n 

p w 

Starting with eq. 11.19.4: x = 1.724 - 2.174 


-.450 


gives : 

( ) = -.101 

C L C L -0 

m * 0 

substituting into eq. 11.19.3: £ = V 1 - ( .152) 2 cos 2 13° 



= -.101 


m 


From Fig. 11.19.1: 
From Fig. 11.19.2: 

From Fig. 11.19.3: 


AC 

n 

-j- 2 - " -.000116 
AC 

n 

—4 - -.000117 

V F 

a, = -.625 


.99 
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Figur* 11.19.3: Influence of flap chord 
on flap eff ectlvancas 


The second hand check is a calculation of C by equations 11.19.1 

°P 

through 11.19.4 for the conditions of test case //I (described later). 
Because C calls C , C , and C. from subroutines C and C. , the 


values of these for use in the hand check are also obtained from subroutines 


C and . In this ..ay, errors in the C program can be spotted and 
y B p p 

corrected. Test case #1 is for aircraft A, for which data are given in 


Appendix D. 
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Substituting into eq. 11.19.2: 


C * -.107/rad 
n 

P w 


Using eq. 11.19.5: 


C ■ +. 007/rad 
n 

P„ 


C - C + C 
n n n 

p Pw P^ 


(11.19.1) 


C - -.107 + .007 C - -.100/rad 
n n 

P P 

The subroutine found (for Test case if 1) 

C - -.098/rad 
n 

P 

„ _ -.100 + .098 

terror ■ r"l00 X terror 


This error is negligible. 

Thus it appears that the C subroutine follows the method of 

n p 

reference 11.19.1 quite well. 

The six test cases for C are now discussed. The first four cases 

n 

P uiq.j 

involve checking C against the data of reference v for aircraft A. The 

n p 

last two cases are checks with aircraft D of reference luYf. Table 11.19.2 


gives the data for the six test cases. 


Table 11.19.2 - C Test Cases 
n 


Test if Airplane 


Airplane A .152 1.04 

" .83 .265 

" .83 .172 

" .42 1.04 


ORIGINAL SAGE IS 
OP POOR QUALITY 


-.035 
+ .027 
+ .034 
-.035 


5 

Airplane D 

.11 

1.42 

14.5 

-.0 

+.0 

6 

If 

.60 

.149 

3.0 









11.19.3 DESCRIPTION OF THE PROGRAM 


The program operates as follows. Equations 11.19.1 through 11.19.5 
are contained in the program. Most of the data is input via common 
statements, but Figures 11.19.1 and 11.19.2 are input in data statements 
for use by function RDP (see Appendix B.l for a description of RDP) . 
Figure 11.19.3 is expressed in the form of an equation, see eq. 11.19.6, 

page 11.19. S. C. , C , and C are obtained from their respective 

P P 8 

w r V 

subroutines. Using this data and information, the program computes C 

n 

P 

A variable list is given as Table 11.19.3 below. 


Table 11.19.3 - Variable List 


Name 

Erig . Symbol 

Dimension 

Origin 

Remarks 

CNP 

C 

n 

rad ^ 

output 



CNPV 

P 

C 

-1 

rad 

internal 

vertical tail contribution 

CNPW 

n 

p v 

C 

rad ^ 

internal 

to C 

n 

P 

wing contribution to C 

CLP 

n 

p w 

c* 

rad ^ 

Sub. C^ 

n 

P 

CLPW 

P 

C* 

,-l 

rad 

n 

Sub. C^ 

wing contribution to 

CYBV 

p w 

c 

,-l 

rad 

P 

Sub . C 

p 

vertical tail contribution 

ALPHA 

\ 

a 

deg 

y B 

common 

to C 

y e 

angle of attack 

ALCLOMO 

(W 
p L c-o 

rad 1 

internal 


DLMC4 

M-0 

^ c/4 

deg 

common 

1/4 chord wing sweep angle 

AR 

AR 

— 

common 

Aspect ratio 

CFOC 

c../c 
r w 

— 

common 

flap chord /wing chord 

BFOB 

V*. 

— 

common 

flap span/wing span 

ACLOM 

*o 

-1 

rad 

internal 
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Table 11.19.3 - Variable List (continued) 


Name 

Eng. Symbol 

Dimension 

Origin 

Remarks 

EM 

It 

— 

common 

cruise mach number 

CBARW 

C 

w 

ft. 

common 

wing MAC length 

THETW 

9 

deg. 

common 

wing twist (washout negative] 

CTHETW 

AC n / 9 
n P 

.-1. -1 
r; d deg 

-1 -1 

internal 

1 

CNPDEF 

ACr p 

V* 

rad aeg 

internal 


DFLAP 

S F 

deg. 

consnon 

flap deflection 

ADCL 

\ 

— 

internal 

— 

LV 

l 

V 

ft. 

common 

A.C.y to c.g. (horizontally) 

ZV 

Z 

V 

ft. 

common 

A.C.y to c.g. (vertically) 

B 

b 

rt 

• 

common 

wing span 

CL 

C L 

— 

common 

lift coefficient 

SLM 

X 

— 

common 

wing taper ratio 


Figure 11.19.4 shows a flowchart of the program, figure 11.19.5 
gives a listing as well as a sample printout of the program. 


ORIGINAL RAGE Id 
OF POOR QUALITY 
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Figure 11.19.4: Flowchart of Subroutine "CNPE" 
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IOC SUBROUTINE CNPPCCNP) 

20 DIMENSION UU(1),VV(5),WW(4),DD(4,5),BFB(3),SLMI(4), 

30 8ASRRI(5),DED(15,4) 

40 COMMON /WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

50 COMMON /FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,$0,R2I,LV,ZV 

55 REAL LN,LV 

6C COMMON /FLITE/ ALPHA, EM, CL 

70 DATA THETW,CF0C,BF0B,DFLAP,XCG/-3. 5,1. ,1.,0., 1.35/ 

80 DATA UU,VV,WW/1.,.2,.4,.6,.8,1.,3.,6.,9.,12./ 

90 DATA DD/-. 00032,. 00022,. 00061, .00092,-.00054, 

100 8. 00005,. 00046,. 00082,-.00066,-.0001,. 00033,. 0007, 

110 8-. 00074,-. 00024,. 00011, .00042,-.00078,-.00039,-.00011 

120 4 ,. 0001 / 

130 DATA BFB,SLMI,ASRRI/.4,.6,.8,.2,.4,.6,1 ., 

140 83.,5.,7.,9.,11 ./ 

150 DATA DED/-. 00028,. 00015,. 00077,. 001 15, . 001 29,-.00028, 

160 8. 00028,. 00069,. 00103,. 0015,-.00031,-. 00004,. 0002,. 00039, 

170 8. 00067,-.00066,-.00015,. 00043,. 00092,. 001 11,-. 00074,-.00012, 

180 8. 00034,. 00075,. 00127,-.00074,-. 00034,-. 00007,. 00014,. 00043, 

190 8-. 00082,-. 00032,. 00025,. 00071,. 00095,-. 00106,-.00041, 

200 8. 00007,. 00046,. 001, -.00099,-.00043,-.00013,. 00002,. 00007, 

210 8-. 00089,-.00045,. 00007,. 00037,. 0005,r.00121,-. 00065, -.00026, 

220 8.00002,. 0004,-.00126,-.00049,-.00023,-.00031,-. 00054/ 

230 ALPHAR=ALPHA*3. 14159/180. 

240 RLMC4=DLMC4*3.14159/180. 

250 XBARW=ACEM(EM,AR,SLM,DLMC4,CRCLW) 

255 XBAR=XBARW-(XCG/CBARU) 

260 C0SC4=C0S (RLMC4) 

270 TANC4=SIN(RLMC4) /C0SC4 

280 TANSG4=TANC4**2 

290 ZE8= (XBAR*TANC4) / (AR)+ (TANS 04/ 12.) 

300 ZA8=6.*(AR+C0SC4) 

310 ZIB=AR+4.*C0SC4 

320 ACL0M0=-(CAR+ZAB*ZE8)/ZIB)/6. 

330 BB=SQRT(1.-(EM**2)*(C0SC4**2)) 

340 XAB=(AR+4.*C0SC4)/(AR*BB+4.*C0SC4) 

350 XEB=AR*BB+ . 5* ( AR*BB+COSC 4) *TANS Q4 

360 XIB=AR+.5*(AR+C0SC4)*TANSQ4 

370 ACLOM=XAB*XEB*ACLOMO/XIB 

380 CALL CLPP(CLP,CLPWB) 

390 ADCL=-. 2747-1. 4584*CFOC+.7406*CF0C**2 

400 XI=BFOB 

410 CNPDEF=RDP(XI,SLM,AR,3,4,5,15,BFB,SLMI,ASRRI,DED) 

420 CTHETW=RDP(1.,SLM,AR,1,5,4,4,UU,W,WV,DD) 

430 TANALF=SIN (ALPHAR) /COS (ALPHAR) 

440 CNPW=-CLPW8*TANALF+CLP*TANALF+ACLGM*CL 

450 8+CTHETW*THETW+CNPDEF*ADCL*DFLAP 

460 CALL CY8ETA(CYB,CYBV) 

470 COALFA=COS (ALPHAR) 

480 SI ALFA=SIN (ALPHAR) 

490 CNPV=(-2./(B**2))*CYBV*(LV*COALFA+ZV*SIALFA) 

500 8*(ZV*C0ALFA-LV*SIALFA) 


Figure 11.19.5: Listing and Staple Printout of Subroutine "CNPE" 
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510 CNP*CNPW+CNPV 

520 WRITE (6,1 )CNPW,CNPV,CNP 

530 1 F0RMAT(2X,"CNPW =",F7.3,/,2X,"CNPV =",F7.3, 

540 8/,2X,"CNP s’',F7.3,3X,"PER RADIAN") 

550C RETURN 

560 STOP 

570 END 


CNP = -0.098 PER RADIAN 


Figure 11.19.5: Continued 

11.19.4 RESULTS 

The CNP subroutine was checked out for the six test cases outlined 
in section 11.17.2. As will be seen, the CNP subroutine does not match 
the CNP data very well. Table 11.19.4 gives a comparison. 


Table 11.19.4 - C n ^ Test Case Comparisons 


Test # 

Airplane 

Cn p (rad" 1 ) 
From 

Table 11.17.2 

C n p (rad' 1 ) 

as computed 
by sub. CNP 

2 

Error 

1 

A 

-.035 

-.093 

1802 

Too Negative 

2 

ft 

+.027 

-.002 

932 

Too Negative 

3 

ft 

+.034 

+.006 

822 

Too Small 

4 

#« 

-.035 

-.094 

1692 

Too Negative 

5 

D 

-.090 

-.129 

432 

Too Negative 

6 

•• 

+.070 

+.030 

572 

Too Small 


Table 11.19,4 shows that subroutine CNP always predicts too negatively. 
It is interesting to see that the computer predictions for Cy p are also too 
negative by a fair amount, again it may be the asymmetric flow around the 
tail that compounds the errors. 
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11.19.5 REFERENCES 


11.19.1 

Roskam, J. 

Methods for Estimating Stability and Control Derivatives 
of Conventional Subsonic Airplanes. Dr. Jan Roskam, 
Published by the author, 519 Boulder, Lawrence, KS, 66044, 
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11.19.2 

Anon. 

Confidential Report. 


11.19.3 

Anon. 

Confidential Report. 


11.19.4 

Anon. 

Confidential Report. 



11.19.13 



11.20 VARIATION OF SIDE FORCE COEFFICIENT WITH YAW RATE, C„ 

y r 


11.20.1 DERIVATION OF EQUATI ONS 

Usually this derivative is of minor importance. It can be easily 
calculated however. Reference 11.20.1 suggests the following formula: 


C y = Cy r - - | (i v cosa + Z v sino)C 


( 11 . 20 . 1 ) 


where l ^ and are defined in Figure 11.16.1 


is computed in section 11.14. 


11.20.2 HAND CALCULATION 

A hand calculation was done for airplane A, see Appendix D for data. 
Section 11.14 gives: 



-0.37756 (rad" 1 ) 


For an angle of attack of 11.3 deg equation 11.20.1 then gives: 


C = 0.313 (rad X ) 

y 


ORIGINAL BAGE IB 

Reference 11.21.2 gives: 0^ POOR QUALITY 

C - 0.295 (rad -1 ) 
y r 

this constitutes a difference of 5.6% with the computer value. 


11.20.3 PROGRAM DESCRIPTION 

The variables used in the program are listed in Table 11.20.1 Figure 
11.20.1 shows a flowchart. Figure 11.20.2 shows a listing plus a sample 
printout. 
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Table 11.20.1 Variables in Subroutine "CYARE" 
NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 


ALPHA 

a 

rad 

Common 

B 

b 

ft 

Common 

CYR 

C 

rad * 

— 

CYBV 

% 

rad 1 

"CYBETA 1 

ELTV 

*v V 

ft 

Common 

ZV 

Z„ 

ft 

Common 
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10 SUBROUTINE CYARE (CYR) 

20 COMMON /WING/ DLMC4,AR,SLM,B,CRCLW,CBARU,SW,CLAUP 

30 COMMON /FUS/ ELF,DFUS,HC,WC,LN,ELTH,HH,S0,R2I,LV,ZV 

40 COMMON /FLUE/ ALPHA, EM,CL 

50 REAL LV 

60 CALL CYBETA(CYB,CY8V) 

70 CYR=-((2./B) *CY8V* C LV*COS (ALPHA ) +Z V*S I N (ALPHA ) ) ) 

80 WRITE(6,1) CYR 

90 1 FORMAT (//,10X, '***KU-FRL DEVELOPED SUBROUTINE CYR***’, 

100 8//,10X, 'CYR = ',F8.6,//,10X,'***END OF SUBROUTINE***') 

110 STOP 

120 END 


CYR = 0.31499 PER RAD 


Figure 11.20.2: Listing and Sample Printout Subroutine "CYARE" 


11.20.4 REFERENCES 


11.20.1 Roskam, Methods for Estimating Stability and Control Derivatives 

for Conventional Subsonic Airplanes. Roskam Aviation & 
Engineering Corporation. Lawrence, Ks.1977. 


11.20.2 Anon. 


Confidential Report. 
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11.21 SUBROUTINE "CLARE" (CLR) . VARIATION OF ROLLING MOMENT WITH YAW 
RATE 


11.21.1 DERIVATION OF EQUATIONS 


Reference 1 indicates that C. may be estimated from: 

*r 


+ C. 


( 11 . 21 . 1 ) 


W 


The variation of the wing yawing derivative with lift coefficient 
is given by: 




(rad X ) 

( 11 . 21 . 2 ) 


where : 



the slope of the rolling moment due to 
yawing at zero lift given by: 


ft). 


1 + 


A(1 - B ) 


AB + 2cosA 


c/4 


2B(AB + 2cosA c ^ ) AB + 4cosA c ^\ 8 


'tan^A 


C L”° 

M 


A +2co3A c/4f tan " A c/4\ 

+ 4cosA c/4 \ 8 / 


2 . 

tan A 


1 + - 


ft) 


C L*° 

M 

(11.21.3) 


where : 


\ 1 - M^cos^A 


c/4 


(11.21.4) 



M =0 


is the slope of the low-speed rolling moment 
due to yawing at zero lift, obtained from 
Figure 11.21.1 as a function of aspect 
ratio, quarter chord sweep, and taper ratio. 
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Figure 11.21,2: Effect of Wing Twist on C t 
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is the wing lift coefficient 


is the increment in C due to dihedral, 

r 

given by: 


Jr _1_ * A sl ° A c/4 , .-2, 

r 12 A + cos A c/4 ^ rad ' 


is the geometric dihedral angle, here in 
radians, positive for the wing tip above 
the plane of the root chord. 


is the increment due to wing twist obtained 
from Figure 11.21.2. 


is the wing twist, negative for washout 


\ S F 


is the effect of symmetric flap deflection 
obtained from Figure 11.21.3. 


is the streamwise flap deflection in degrees. 


a„ is the two dimensional lift-effectiveness 

«,°F 

r 

parameter a* obtained from Section 11.23. 
The vertical tail contribution is found from 


* — (£y cosa + Zy sin a) (Z^ cos a - sin a) C 

r v b ' * 


where : 


iy and Zy are defined in Figure 11.16.1 and 
C is determined in Section 11.14. 


OF POOR Q UAU1 
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11.21.2 HAND CALCULATION 

Airplane A is used for the test aircraft in this section 
(Reference 2). Appendix D presents the data for this aircraft. 
Flight conditi^s: 

M - .152 
a - 11.3° 

C L » 1.04 

% m 0 

First, ft must be calculated: 



11.21.4 


From Figure 3.1.21.1, . 


Vo 

M «0 


- .26 (rad" 1 ) 

L V° 

M “0 


Then 


cos A * co9(13°) * .9744 

C/ 4 


.262 


C L“° 

M 


A C„ 


.0351 


From Figure 11.21.2: 
AC„ 


- - -.0137 (rad" 1 - deg" 1 ) 


0 

From Figure 11.21.3 and Section 
AC„ 


V F 


.604 


ag * .66 

F 


Therefore, for the wing: 

-1 


.273 rad 


W 


From Section 


-.1675 (rad -1 ) 
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Therefore: 


C 4 - -.00743 rad 
r V 

C 4 - .273 + .00743 • 
r 

- .28043 rad" 1 
r 

11.21.3 DE SCRIPTION OF PROGRAM 

Subroutine CLARE utilizes functions as the primary calculators 
for the required curve fits. RDP is used throughout the program, 
not only for interpolating along given curves, but also for proper 
interpolation between curves. 

The characteristics of some of the figures (curves) required 

for C^ posed some problems. RDP could easily determine the proper 
r 

values along a curve. Interpolating between the curves was difficult, 
though. Many of the curves, as in Figure 11.21.2, did not present 
a constant separation or trend between curves. To solve the problem, 
RDP was used to interpolate between curves. 

The reader is referred to the flowchart, and the listing 
following this section. 


TABLE 11.21.1 VARIABLE LIST 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 


ALPHA 

a 

deg 

Common 


AR 

A 

— 

Common 


B 

b 

ft 

Common 


CF0C 

c^/c 



ORIGINAL MGH 1» 
OF POOR QUALOT 



11.21.6 







TABLE 11.21.1 VARIABLE LIST (continued) 


NAME ENG. SYMBOL DIMENSION ORIGIN 


CL 

C L 


Common 

CYB 

C 

y B 

rad * 

Subroutine 

CLR 

c* 

rad ^ 

CYBETA 

Calculated 

DELl'D 

r 

6 f 

deg 

Common 

DI HD 

r 

deg 


DLMC4 

^c/4 

deg 

Common 

EM 

M 

— 

Common 

FIN 

— 

ft 

Common 

FOUT 

— 

ft 

Common 

LV 

V 

ft 

Common 

SLM 

X 

— 

Common 

THETA 

e 

deg 

Common 

ZV 


ft 

Common 

Figure 11. 

21.4 shows a 

flowchart of 

the program. 


shows a listing. 


REMARKS 


Positive for 

deflection 

downward 

Degrees 


Distance from 
fus. centerline 
to inboard flap 
station 

Distance from 
fus. centerline 
to outboard flap 
station 


figure 11.21.5 
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FUNCTION "CLRCL" 


Figure 11.21.4: Flowchart of Subroutine "CLARE” 
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FUNCTION "DELCLR" 


Figure 11.21.4: Continued 
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IOC SUBROUTINE CLARE(CLR) 

20C VARIATION OF ROLLING MOMENT 

30C COEFFICIENT WITH YAW 

40 REAL LN,LV 

SO COfflON /WING/ DLMC4,AR,$LM,B,CRCLW,CBARW,$W,CLAWP 

60 COMMON /GEOM/ DIHD,ZW,SAH,XHMAC,ELINC 

70 COMMON /FUS/ ELF,DFUS,HC,UC,LN,ELTH,HH,S0,R2I,LV,ZV 

80 COMMON /FLITE/ ALPHA,EM,CL 

90 THETA«0. 

100 CFOCs.3 

110 FIN=1 .09 

120 F0UT=11 .2 

130 DELFD=0. 

140 RADD4=DLMC4/57.3 

1 50 BM^SQRT (1 .-(EM*COS (RADD4) )**2) 

160 A1=CLRCLCAR,DLMC4,SLM> 

170 B1 =(AR*BM) +2.*C0S (RADD4) 

180 C1=(SIN(RADD4) /COS (RADD4))**2/8. 

190 D1=((1.-BM**2)*AR)/(2.*BM*B1) 

200 El =B1 / (AR*BM+4.*C0S (RADD4) ) 

210 FI =(AR+2.*C0$ CRADD4) ) / ( AR+4.*C0S (RADD4) ) 

220 CLM01=((1.+D1+E1*C1)/(1.+F1*C1))*A1 

230 DCLRD=((3.1416*AR*SIN(RADD4) ) / (AR+4.*C0S (RAD04) ) ) / 1 2 . 

240 ADCL=+. 2747+1. 4584*CF0C-.7406*CF0C**2 

250 BB=DELCLR(AR,$LM) 

260 CB1=FECLR(F0UT,B,SLM,AR) 

270 CB2=FECLR(FIN,B,SLM,AR) 

280 CB=CB1-CB2 

290 CLRW=(CL*CLM01)+(DCLRD*DIHD/57.3)+(B8*THETA) 

300 &+(CB*ADCL*DELFD) 

310 ALPH AR=ALPH A / 57 . 3 

320 CALL CYBETA(CYB,CYBV) 

330 CLRV=-(2./B**2)*(LV*C0S(ALPHAR)+ZV*SIN(ALPHAR)) 

340 &*(ZV*COS (ALPHAR)-LV*SIN(ALPHAR) )*CYBV 

350 CLR=CLRW+CLRV 

360 WRITE(6,1 ) CLR 

370 1 F0RMAT(//,10X,'***KU-FRL DEVELOPED SUBROUTINE: CLR 

380 &***',//,10X,'CLR = ' ,F10.6,//,10X,'**** 

390 SEND OF SUBROUTINE****') 

400 STOP 

410 END 

420 FUNCTION CLRCL(A,SWP, TAPER) 

430C CLRCL CURVE FIT 

440 DIMENSION AXF(IO) ,60(10,2) ,YF(2) 

450 DATA AXF/1.,2.,3.,4.,5.,6.,7.,8.,9.,10./ 

460 DATA GO/ 2., 3. 25, .>.83, 4. 23, 4. 5, 4. 7, 4. 85, 4. 93, 5., 5., 

470 85. ,6. 7,7. 5, 8. 05, 8. 45, 8. 75, 9. 0,9. 17,9. 28,9. 35/ 

480 DATA YF/1.,2./ 

490 EE=1.0 

500 IF(A.GT.10.) A=10. 

Figure 11.21.5s Listing and Sanpls Prlncout of Subroutine "CLARE" 


11 . 21.10 



510 DD1=RDP(1.0,1.0,A,1,2,10,10,EE,YF,AXF,G0) 

520 0D2=RDP(1 .0,2.,A,1,2,10,10,EE,YF,AXF,G0) 

530 XEF=(TAPER**.764)*(DD2-DD1)+DD1 

540 DD3=.03*XEF 

550 004=. 1 2+.0562+XEF 

560 CLRCL=(((. 243+. 9909 +SWP+ . 02365 *SWP**2) / 1 44 . 837 ) * < DD4- 

570 8003) >+003 

580 RETURN 

590 END 

600 FUNCTION DELCLR(A,TAPER) 

61 OC OELTA CLR/THETA CURVE FIT 

620 DIMENSION AAXF(9),CLT(9,3),EXT<3>,EEX(3) 

630 OATA AAXF/2.,3.,4.,5.,6.,7.,8.,9.,10./ 

640 OATA CLT/-. 0054, -.007, -.0082, -.0086, -.0085, -.00835, -.0085, -.009,-. 001 04, 

650 8-. 0068,-.00855, -.01015, -.0114,-.0127,-. 0128,-. 013,-.0134,-. 0145, 

660 8- GG6, -.0097, -.01 12, -.01 26, -.014, -.01 43, -.01 5, -.01 58, -.01 72/ 

670 OATA EEX/0.,.2,.4/ 

680 ET=1 . 

690 IF(TAPER.GT. .4) TAPER=.4 

700 IF(A.GT.10.) GO TO 2 

710 DO 1 KI=1,3 

720 EXT (KI)=RDP(1 .0,EEX(KI),A,1,3,9,9,ET,EEX,AAXF,CLT) 

730 1 CONTINUE 

740 0ELCLR=R0P(1.0,1.0,TAPER,1,1,3,3,ET,1.0,EEX,EXT) 

750 GO TO 3 

760 2 XXI =.0056-. 0016+A 

770 XX2=-.0012-.0016*A 

780 DELCLR=((1.9646*TAPER**.737)*(XX2-XX1))+XX1 

790 3 RETURN 

800 END 

810 FUNCTION FECLR(FY,B,TAPER,A) , 

820C FLAP EFFECT CURVE FIT 

830 DIMENSION FXX(11,3),EXCC11),CY0(3),CYX(3) 

840 OATA EXC/0.,.1,.2,.3,.4,.5,.6, .7,.8, .9,1.0/ 

850 DATA CYO/O.,. 2,1.0/ 

860 DATA FXX/0.,1., 2. 2,3. 5, 4. 7,5. 3,5. ,3. 4,1. 5,. 3,0., 

870 80. ,1.6,3. 075, 4. 3,5. 4,5. 9,5. 55, 4. 6,3. 3,1. 8,0., 

880 80. ,1.9,3. 5, 4. 7,6. ,6. 5, 6. 2,5. 2,3. 8,2. 1,0./ 

890 FF=1 . 

900 Z=FY/(B/2.) 

910 DO 1 KJ=1,3 

920 CYX(KJ)=RDP(1.0,CY0(KJ),Z, 1,3,11, 11, FF,C YO, EXC,FXX) 

930 1 CONTINUF 

940 XDP=RDP(1. 0,1.0, TAPER, 1,1, 3,3, FF,1.0,CY0,CYX) 

950 FECLR= < . 001 1 69+XDP) * ( . 23638+A** . 63 ) 

960 RETURN 

970 END 


Figure Ii.21.5: Continued 
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11.21.4 RESULTS 


To test the subroutine three flight conditions for Airplane A were 
used, see Table 11.21.2. 

Table 11.21.1 Test Data (Ref. 11.21.2) 



Comparison of the values given in Table 11.21.2 (from Reference 11.21.2) 
and those generated by the subroutine indicate the following. The subroutine 
is accurate for flap up conditions, with error reaching only 6%. With flaps 
down, however, the error becomes 15%. This value is acceptable, but it is 
not known exactly what causes it. One possibility is that the subroutine 
utilizes just a plain flap as a model. The type of flap on the aircraft 
could be the cause of error. 


11.21.5 REFERENCES 

11.21.1 Roskara, J. Methods for Estimating Stability and Control Derivatives 

of Conventional Subsonic Airplanes. Roskam Aviation & 
Engineering Corporation. Lawrence, KS. 

11.21.2 Anon. Confidential Report. 
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11.22 VARIATION OF YAWING MOMENT COEFFICIENT WITH YAW RATE, C^ . 

■ " ■ 1 " ■ - ■' ■ — ■ - ■ ■■ - ■ n — 

r 


11.22.1 DERIVATION OF EQUATIONS 

Reference 11.22.1 indicates that this derivative can be esti- 
mated from: 

C - C + C (11.22.1) 

n n n 


The contribution of the vertical tail follows from: 



— (£ tr COS a + Z„ SIN a) 2 c 
B 2 V V % 


( 11 . 22 . 2 ) 


where: and are defined in figure 11.16.1, 

C follows from section 11.14. 



The wing contribution may be estimated from a series of graphs 
in reience 11.22.1 f based on experimental data, as a function of 
wing sweep, taper ratio, aspect ratio, lift-coefficient and zero- 
lift drag. A close examination of these graphs revealed that, for 
the class of airplanes considered in this report, the average con- 
tribution of the wing is 7.5 % in the negative sense. Since this is 
a relative small amount that does not vary very much for different 
wing planforms, this value was used to adjust the contribution of 
the vertical tail. The result is: 


2 

C n = 1.075 — - (2. y COS a + Z y SIN a) 2 C y (11.22.3) 


11.22.2 HANDCALCULATION 

A handcalculation for Airplane A (for data see Appendix C) pro- 
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due ed 


Section 11.14: C - -0.137679 rad 



For an angle of attack of a * 5 deg then follows: 

Eqn. 11.22.3: C = -0.1403 rad ^ 

n 

r 

11.22.3 PROGRAM DESCRIPTION 

Table 11.22.1 gives the variables used in the program, a flow- 
chart is shown in figure 11.22.1, a listing plus a sample output is 
shown in figure 11.22.2. 


TABLE 1? .22.1: VARIABLES IN SUBROUTINE "CNR" 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 



ALPHA 

a 

rad 

common 

B 

b 

ft 

common 

CNR 

c 

n 

r 

rad - ^ 

— 

CYBV 

c 

y ft 

V 

rad ^ 

"CYBE1 

LV 

\ 

ft 

common 

ZV 

z v 

ft 

common 

For the 

flowchart and 

listing, see next 

page. 
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^ START ^ 


INPUT 

DATA 


7 





COMPUTE 

C 

y ft 

V 

"CYBETA" 



COMPUTE 

C 

n 

r 

(11.22.3) 




^ RETURN ^ 


Figure 11.22.1 Flowchart of "CNR" 


10 SUBROUTINE CNARE (CNR) 

20 REAL LV 

30 COMMON /WING/ DLMC4,AR,SLM,B,CRCLW, CBARW,$W,CLAWP 

40 COMMON/ FLITE/ ALPHA, EM,CL 

50 COMMON/FUS/ELF,DFUS,HC ,WC,LN, ELTH,HH,SO,R2l,LV,ZV 

60 CALL CYBETA (CYBV,C YB,ARVEFF) 

70 CNR=1.07*(2/(B**2))*((LV*C0S(ALPHA)+ZV*SIN(ALPHA))**2)*CYBV 

80 WRITE (6,1000) CNR 

90 1000 FORMAT (10X,"CNR = ",F10.4," PER RADIAN"//) 

100 RETURN 

110 END 


CNR = -0.1403 PER RADIAN 


Figure 11.22.2 Listing and sample ouput "CNR" 


11.22.4 RESULTS 


Reference 11.22.2 gives a test value of: 

C = -0.143 rad * 
n 
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The computer program computed a value of: 

C = -0.1403 rad" 1 
n 

r 

This is within 2 % accuracy, so it may be concluded that the pro- 
gram gives a correct estimation of this derivative. 


11.22.5 REFERENCES 

11.22.1 Roskam, J. Methods for Estimating Stability and 

Control Derivatives of Conventional 
Subsonic Airplanes, Roskam Aviation & 
Engineering Corporation, Lawrence, 

KS, 1977. 

11.22.2 Anon Confidential Report. 
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11.23 LONGITUDINAL CONTROL DERIVATIVES 
n.23. 1 INTRODUCTION 

This chapter describes the computation of the longitudinal 
control derivatives. The method that calculates lift increment 
with flap deflection is valid only for the so-called plain flap 
type. See Figure It should be pointed out that this method 
is equally well suited for the computation of variation of lift 
coefficient for control surface deflection; therefore, it is writ- 
ten in a generalized form. 

11.23.2 DERIVATION OF EQUATIONS 

11.23.2.1 VARIATION OF LIFT COEFFICIENT WITH FLAP DEFLECTION 
The derivation of this derivative is based on Reference 
11.23.1, unless otherwise indicated. The layout of the lifting 
surface and the control surface is as indicated in Figure 11.23.1. 



Figure 11.23.1: Geometric Parameter* for Control Surface Flap 
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The derivative C T may be estimated from: 

\ 


\ | '•«>. 

°'m c l 


V \ C * , 

F Fa 


M 


<«.) S 

Sc t 


(11.23.1) 


where : 



is the lift-curve slope of the surface 
without flap deflection, obtained from 
Section 11.2, 


C 



M 


is the section lift-curve slope, corrected 
for lach number : 


C 


M 



(11.23.2) 



is the factor that takes three dimensional 
effects into account. It is given in Figure 
11.23.2 as a function of aspect ratio, A^, 


and the value of (a^) 


C L (Cl a 


flap 


surface 

based on experiments. If these data are not 
available, it may be obtained from the inset 
of Figure 11.23.3. Average values for c„/c 

r W 


may be used. 


ORIGINAL ¥AGEtt 

« ‘ roo» auAuru 
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Mci 



where 



Figure 11.23 2: Influence of flap chord on flap effectiveness 


is a factor that takes the spanwise position 
of the flap into account. It can be obtained 
from Figure 11.23.3 as a function of taper 


ratio X^ and span ratio n * • 


V 1 - M 2 

M 


is the section lift effectiveness of the flap; 
may be obtained from the following equation: 

c. . 

I / s 

IK') (11.23.3) 

Theory 


N. 


Theory 

is the theoretical lift effectiveness 

Theory of the flap, obtained from Figure 

11.23.4 as a function of c_/c and 

F w 

thickness ratio. 
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Figura 11.23,3; Span factor for inboard flaps 



Flgura 11.23.4s Thaoratlcal lift affactivanasa of 
plain trailing adga control flap 


11 . 23.4 


- is an empirical correction factor 

* X 

F„ . , based on experimental data; may be 

Theoretical 

obtained from Figure 11.23.5 as a 

function of c p/ c „and (C^ ) 

a ° Theory. 

The theoretical section lift curve, (C^ ) may be obtained 

° Theory 

from: 

(C l ) = 6.28 + 4.7 t/c (1 + .00375^) (11.23.4) 

a Theory 


TO 


theory 



Figure 11.23.5: Empirical correction for lift effectiveness 
of plain trailing edge control flap# 


K' is an empirical correction factor to the 

lift ...fectiveness at large deflections of 
the flap. May be obtained from Figure 11.23.6. 
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Flgura 11.23.6; Empirical correction for life af fact Ivan* an 
of plain trailing adga control flaps at high 
control deflections 


To implement above method in a computer program, the following 
curve fittings were derived from the figures, using a HP 65 calculator. 

For the inset of Graph 11.23.2: 

c 2 

(a 6 ) - -.274? - 1.4584 x^^t- .7406 x^-^ ^ (11.23.5) 

For Graph 11.23.3; 

1^ - -.0091 + 1.5447 x n - .5175 x n 2 (11.23.6) 

It should be noted that Equation (11.23.5) is accurate for 
X » .5. However, due to the way is calculated, the result will 
be accurate also for other values of the taper ratio. 
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For graph 11.23,4: 


(C* ) . - 1.2572 +12.8356 c,/c - 10.3788 (c f /c) 2 + A 

v 2.^ theory f 1 

fla P (11.23.7) 

where: A * 12.14 t/c (c^/c - .05) (11.23.8) 

For graph 11.23.6: 

<5 < 10°: K' - 1 (11.23.9a) 

10° <6 f < 20°: K’ « .8014 + .01441 <5 f - .00246 6 f 2 + 

+ ( -2.5 c f /c + 1.25). (.1672 - .0352 6 f + .0019 5 f 2 ) 

(11.23.9b) 

6 > 20°: K' - 1.0356 - .0217 6 f + .000194 <5 f - 

2.5 (c f /c - .5). (-.00154 5 f +.231) (11.23.9c) • 

11.23.2.2 VARIATION OF PITCH T NG MOMENT COEFFICIENT WITH 
FLAP DEFEECTION . 

This derivative will not be discussed, because of its minor 
importance in preliminary design work. 


11.23.2.3 VARIATION OF LIFT COEFFICIENT WITH STABILIZER INCIDENCE 


The derivative C. may be computed from: 
I-* . 


\ ' c i V s 

*b “a 


(U.23.10) 


where: C is computed in section 11*2 • 

\ 
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11.23.2.4. VARIATION OF PITCHING MOMENT WITH STABILIZER DEFLECTION 


The derivative C u 

n 


*H 


may be computed from: 



(11.23.11) 


where: - is obtained from section 11.2. 


11.23.2.5. VARIATION OF LIFT COEFFICIENT WITH ELEVATOR DEFLECTION 


The derivative C. 

L 6 


E 


may be computed from: 


C_ - C T S u /S 


Lx 'Lx “H' 


(11.23.12) 


where: C is found from section 11.23.2.1 

«» 


11.23.2.6. VARIATION OF PITCHING MOMENT WITH ELEVATOR DEFLECTION 


The derivative C may be found from: 


V ’ ' V Vh 

E F 


(11.23.13) 


11.23.3. HAND CALCULATION 

In this section a hand calculation for the elevator of airplane 
B is presented. For data see Appendix C. 

From section 11.2 follows the lift-curve slope: 

C, 


'H 


- 3.959 (rad" 1 ) 


M 
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The inset of figure 11.23.2 provides: 


(a.) - -.75 

6 c Jt 


Figure 11.23.2 then gives: 




1.02 


The span correction factor follows from figure 11.23.3: 

- 0.88 


The theoretical lift-curve slope follows from figure 11.23.3: 
(c^ ) th - 6.713 (rad -1 ) 

The theoretical lift effectiveness follows from figure 11.23.4: 

<c i, > t h ■ 5 - 2 <rad " 1> 

s t 

The correction factor 'in figure 11.23.5. is: 

(c. ) 

5 

f - .89 


} th 

6 f 


The correction factor for flap deflection follows from figure 11.23.6 

K' - .88 


Mow the lift increment due to flap deflection may be computed 
according to equations 11.23.1 and 11.23.2: 

C T - 2.313 (rad -1 ) 
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From equation 11.23.10 follows: 

\ 


c - o 


(rad" 1 ) 


From equation 11.23.11 follows: 


C M. “ 0 


(rad -1 ) 


From equation 11.23.12 follows: 

C. - 0.612 (rad -1 ) 


From equation 11.23.15 follows: 

Cjj - 1.797 (rad -1 ) 

6 E 

11.23.4 DESCRIPTION OF ROUTINE 


Table 11.23.1 gives the variables as 
puter routine. A flowchart of the routine 
A listing and a sample printout are given 


they are used in the com- 
is given in figure 11.23.7. 
in figure 11.23.8. 


TABLE 11.23.1: VARIABLE NAMES IN FUNCTION "FCLDF" 


NAME 

ENG, SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 



ADCL 




ADADCL 

<a <\ 

-1 

“ ^ ™ 

CCLAM 

° l *m 

rad 1 

SLOPE 

CFOCS 

C F /C 

— 

common 
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TABLE 11.23.1 Continued 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 



CLATH 


rad”^ 

— 


CLCLAT 

(C. ) 
a 

— 

— 



‘V- 




CLCLDT 

% 

5 f 

— 

— 



(C JU ^th 
5 f 




CLDFT 

‘V* 

rad*"^ 

— 


CPLAM 

C ^a 

,-l 

rad 

— 


DFCON 

5 f 

deg 

common 


EM 

M 

— 

common 


ETA1 


— 

common 


ETAO 

n o 

— 

common 


FAR 

AR 

— 

common 

dummy 

FB 

b 

ft 

common 

dummy 

FCLAP 

C E 

rad ^ 

common 



a 




FCLDF 

% 

6 f 

rad_ 1 

— 


FDEMC4 

A ic 

deg 

common 

dummy 

FPHTE 

^TE 

deg 

common 

dummy 

FSLM 

X 

— 

common 

dummy 

FTOC 

t/c 

— 

common 

dummy 
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TABLE 11.23.1 Continued 


NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 



(11. :3.9a) 


Figure 11.23.7: Flowchart of Subroutine "FCLDF” 
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10 FUNCTION FCLDF(CF0CS,ETA1,ETA0,DFC0N,FAR,FSLM,FT0C,FPHTE,FCLAP, 

20 8FDLMC4,FB) 

30 COMMON/ CONEF F/CLCLDT,CLD FT, KB, KPRIM, ADA DCL,ADCL 

60 REAL KB0,KB1,KB,KPRIM 

80 COFWON/ AERO/ EM, RHO, TAS 

90 COMMON/ FUS/ EL F, DFUS,HC ,WC,LN, ELTH, HH, SO, R2I,LV,ZV 

130 DATA ADCL/1 ./ 

140 CCLAM=SL0PE(FDLMC4,FSLM, FAR,EM,FCLAP) 

150 C PL AM=F CLAP/ (SORT (1 ,-EM**2) ) 

160C***** FIGURE 11.21.2 ****************************************************** 
170 IF (ADCL.EQ.1.) ADCL=-. 2747-1 .4584*CF0CS+.7406*CF0CS**2 

180 D FC ON=AB$ ( D FCON ) 

190 DIMENSION DD(8,11),VV(8),DDD(4),WW(11),UU(1) 

200 DATA W/-.1 ,-.2,-.3,-.4,-.5,-.6,-.8,-1 ./ 

210 DATA oU/1 ./ 

220 DATA WW/0.,1.,2.,3.,4.,5.,6.,7.,8.,9.,10./ 

230 DATA DD/2., 2. 24,1. 79,1. 58,1. 46,1. 38,1. 33,1. 27,1. 24,1. 22,1. 2, 

240 82. ,1.73, 1.495, 1.37,1. 3,1. 24,1. 2,1. 17,1. 16,1. 15, 1.14, 

250 82. ,1.52,1. 35, 1.26,1. 2,1. 165, 1.14,1. 125, 1.11, 1.1, 1.095, 

260 81.8,1.39,1.25,1.18,1.14,1.12,1.1,1.09,1.08,1.075,1.07, 

1/0 81.6,1.29,1.18,1.13,1.1,1.08,1.07,1.065,1.06,1.055,1.05, 

280 81.4,1.21,1.13,1.09,1.07,1.06,1.05,1.045,1.04,1.033,1.03, 

290 81.15,1.09,1 .05,1 .04,3*1 .03,3*1 .02,1.01, 

300 81.05,10*1./ 

310 ADADCL=RDP (1 .,ADCL,FAR,1,8,10,8,UU,VV,WW,DD) 

320C***** FIGURE 11.21.3 ****************************************************** 
330 KB0=-.0091+1.5447*ETA0-.5175*ETA0**2 

340 KB1=-. 0091+1. 5447*ETA1-.5175*ETA1**2 

350 KB=KB0-KB1 

360 CLDFT=1. 2572+12. 8356*CF0CS-10.3788*CF0CS**2 

370 CLDFT=CLDFT+12.14*FT0C*(CF0CS-.05) 

380C***** FIGURE 11.21.6 *********************************+********★*********** 
390 IF (DFCON.LE.IO.) KPRIM=1. 

400 IF (DFC0N.GT.10..AND.DFC0N.LE. 20.) KPRIM=.8014+.0441*DFC0N 

410 8-.00246*DFC0N**2+(-2.5*CF0CS+1.25)*(.1672-.0352*DFC0N+ 

420 8.00186*DFCON**2) 

430 IF (DFC0N.GT.20.) KPRIM=1 .0356-.0217*DFC0N+.000194*DFC0N**2-2.5* 

440 8(CFOCS-.5)*(-.00154*DFCON+.231 ) 


450C***** FIGURE 11.21.5 ****************************************************** 


460 DIMENSION DD1 (8,10),VV1 (8),DDD1 (4),WW1 (10) ,UU1 (1 ) 

470 DATA UU1/1./ 


480 

DATA 

W1/ 

.72, 

.76, 

00 

oo 

• 

V 
s* 

oo 

■ 

V 

oo 

■ 

,.92,. 96,1 

./ 

490 

DATA 

WW1/ 

.05, 

.1,. 

15, .2,. 25, 

.3,. 35, .4, 

.45, .5/ 

500 

DATA 

DD1 / 

.4,. 

425, 

.45, .475,. 

5, .52,. 535 

,.55, .565, .575, 

510 

8.48,, 

.525, 

.55, 

.565 

,.58,. 61,. 

62,. 63, .64 

,.65, 

520 

8.57,, 

.62,. 

635, 

.65, 

.675, .685, 

.695, .715, 

.725,. 735, 

530 

8.652, 

..69, 

.72, 

-73, 

.742,. 752, 

.765,. 775, 

.785,. 795, 

540 

8.735, 

..77, 

.783 

,.8, 

.815, .825, 

.83,.835, . 

84, .85, 

550 

8.825, 

..845 

,.86 

,.87 

,.875, .88, 

.882,. 885, 

.89,. 9, 

560 

8.91,. 

.92,. 

925, 

.927 

,.93, 2*. 935, .94,2*. 95, 

570 

810*1, 

./ 
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Figure 11.23*8: Listing and Sanpls Printout of Subroutlna "FCLDF" 
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580 CLATH=6.28+4.7*FT0C*(1 .+. 00375 *FPHTE) 

590 CLCLAT=FCLAP/CLATH 

600 CLCLDT=RDP (1.,CLaAT,CF0CS,1,8,10,8,UU1,VVl,WU1,DD1) 

610 FCLDF=CLCLDT*CLDFT*KPRIM*(CCLAM/CPLAM)*ADADCL*KB*(1 . /SORT (1 .-EM**2)) 

620 WRITE (6,1020) FCLDF 

630 1020 FORMAT CIOX/’LIFT DUE TO CONTROL DEFLECTION = ",1F10.5, 

640 8"PER RADIAN"///) 

650 RETURN 

660 END 


Figure 11.23.8s Continued 


11.23.5 RESULTS 

The lift end pitching moment variation with angle of incidence 
of the horizontal tail is not valid in this case. The variation with 
elevator deflection compares as follows with data from reference 
11.23.2: 



"FCLDF" 

Ref. 11.23.2 

Error % 

% 

6 e 

0.612 

0.686 

10 

V 

1.797 

1.833 

2 

E 





It may be concluded that the program works properly. 
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11.24 AILERON STABILITY DERIVATIVES C„ , C , C 

\ \ \ 

11.24.1 INTRODUCTION 

is the most Important of the aileron stability derivatives and 
it is calculated with a combination of the methods used in References 

11.24.1 and 11.24.2. The program is valid for any wing aspect ratio between 
4 and 16. Compressibility effects are taken into account, but the influence 
of wing taper ratio is neglected. 

C is much smaller than C. ; preferably it should be positive because 

\ \ 

this means that there are no adverse yaw effects in making turns. It is cal- 
culated with the method used in Reference 11.24.1; this part of the program 
is valid for any wing aspect ratio between 4 and 12. The wing taper ratio 

is an important variable in the determination of C , so it is not neglected 

\ 

here. 

The value of Cy- is usually so small that it can be ignored: the program 
^A 

does not calculate this derivative. 


11.24.2 CALCULATION OF C„ 


A shortcoming of the method of Reference 11.24.1 is that only moderate 
wing aspect ratios are allowed in cases with 3 and ic close to one. With the 
method of Reference 11.24.2, which basically works the same way, wing aspect 
ratios from 6 to 16 can be taken. This method, however,, does not take the 
effect of wing sweep angle into account or the effect of wing taper ratio. 

This latter influence is a minor one: for taper ratios normally used, the 

aileron rolling moment parameter is hardly dependent on taper ratio. The 
effect of sweep angle can be greater; therefore a mixture of both methods has 
been used to produce Fig. 11.24.1. According to Reference 11.24.2, it is valid 


11.24.1 
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for aileron deflections up to 20 degrees, 
ar ■ 16 10 6 A 


Ag deg 



Fig. 11.24.1 is meant for full-chord controls; for partial-chord 
controls there is a correction factor, taken from Reference 11.24.2 and 
presented in Fig. 11.24.2. The variable Ag in Fig. 11.24.1 is computed 


as follows: 


tanA_ 

A g - arctan ( ) 


(11.24.1) 
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Figure 11.24. 2: Correction for Flap-Span Ef . act 

The effect of partial-span controls is taken into account by using 
Fig. 11.24.1 two times, one time for the inboard lateral coordinate of the 
aileron and another f or the outboard lateral coordinate. The difference 
in the results is then the actual aileron rolling moment parameter. 

It is assumed that the effectiveness of the right aileron is equal to 
that of the left aileron, so Fig. 11.24.1 gives the total aileron rolling 
moment parameter. The aileron deflection associated with it is defined as: 

«A " ** (6 L ‘ V (11.24.2) 

in which a positive control deflection is trailing edge down. C. is 

c, 

found as the product of 6 (from Fig. 11.24.1) and k (from Fig. 11.24.2) 

k 
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11.24.3 CALCULATION OF C 

\ 

This derivative is calculated with the oetho. in Reference 11.24.1, 
according to: 

C * K 0. C„ (11.24.3) 

n 6 L v 

A A 

The factor K is a correlation constant which depends on wing aspect ratio, 
taper ratio and inboard location of the aileron; it is given in Fig. 11.24.3. 
The lines for A * 12 are the result of extrapolating Fig. 11.3 in Reference 
11.24.1. 
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This figure is only valid for ailerons which extend to the wingtip. To 


calculate C for ailerons which do not extend to the wingtip, Eqn. (11.24.1) 

must be used two times: one time for an imaginary aileron which extends from 

the inboard location of the actual aileron to the tip and one time for another 
imaginary aileron which extends from the outboard location of the actual ail- 
eron to the tip. Subtracting the C of the second imaginary aileron from 

\ 

that of the first one gives C of the actual aileron. It is not enough to 

\ 

take the difference in the correlation constants of the two imaginary. 

ailerons; C. must also be calculated for each one. 

6 A 

The value of C in Eqn. (11.24.1) follows from: 

L 


'L qS 


(11.24.4) 


so it is just the steady state lift coefficient. 


11.24.4 PROGRAM DESCRIPTION 

The program consists of two parts: in the first part C is calculated 

5 A 

and in the second, C * The C d part is valid for wing aspect ratios be- 

tween 4 and 16; if the airplane under consideration has a wing aspect ratio 
outside this range, a default value of either 4 or 16 is used. The C 

part works the same way for wing aspect ratios between 4 and 12* 

C 0 is calculated according to the method described in section 11. 24*2, 

5 a 

Fig. 11.24.1 is put ir as a number of points; interpolation between these 
points is done by the function RDP (see Appendix B) . For Fi^. 11.24.2 an 
HP-65 curve fit { :.f routine has been used, resulting in: 


c .6388 

k - 1 . j?98 (— ) 
c 
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The aileron rolling moment parameter is calculated three times: one time 

for the inboard location of the aileron, one time for the outboard location and 
one time for the wingtip. Following this, the of an aileron extending from 

6 a 


the inboard location of the actual aileron to the wingtip is calculated and also 

the Cj for an aileron extending from the outboard location of the actual 

aileron. Calculating it in this way is not very efficient, but it is necessary 

for the calculation of C nt , as pointed out in the previous section. 

C n * is calculated according to the method described in section 11.24.3* 

Fig. 11.24.3 is put in in the same way as Fig. 11.24.1. The correlation constant 

is calculated two times: one time for the inboard location of the aileron and 

one time for the outboard location. The contributions in Eqn. (11.24.1) 

5 a _ 

are taken from the first part of the program. 

A list of variables is given in Table 11.24.1 and a flowchart in Fig. 11.24. 
while Fig. 11.24.5 gives a listing and sample output. 


11.24.5 HAND CALCULATION 

A hand calculation has been done on airplane A for which data are presented 
in Appendix D. Since it is rather tedious to interpolate Fig. 11.24.1 by hand 
for different aspect ratios and since this airplane has a wing aspect ratio close 
to 6, lines for A - 6 are used. The C* value obtained with this method is 

5 a 

0.1411 while the computer gives a value of 0.1344. These values are close enough 
to conclude that Che program works alright* The actual value for this airplane 
In this flight condition (M * .152, C * 1.04) is 0.1401, so the computer value 

La 

comes within 5 percent. 

The hand calculation for C n * comes to a value of -0.0231, using A * .5 

A 

and A * 6 in Fig. il.24.3. The computer generates a value* of -0.02419, so it 
w 

can be concluded that this part of the program also works right. The actual 

but C for another version of this 
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value for this aiml|£e could not be found. 


1 i IV M 
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airplane for this flight conation is about -0.032. These results don’t 
compare very well, but they are not the same configuration so it is hard 
to draw conclusions from this. 


TABLE 11.24.1 VARIABLE LIST FOR SUBROUTINE "AILDER" 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 



ALCDRA 

c /c 

a 

— 

common 

AR 

AR 

— 

common 

BETA 

8 


— 

CLDA 

c 

A* 

°A 

rad ^ 

— 

CLDAO 

c 

\o 

rad 1 

— 

CLDA1 

C i 5 

6 A1 

rad ^ 

— 

CLDLKT 

C 

IS 

rad ^ 

— 

CLDLKO 

"k tip 

Co 

*<s 

rad * 

— 


k 0 



CLDLK1 

c is 

rad * 

— 


k 1 



CL1 

c L 

— 

common 


L 1 



CNDA 

C 

rad 

— - 

CNDAO 

c 

n r 

5 AO 

rad * 

— 

CNDA1 

C 

V 

rad ^ 

— 
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TABLE 11.24.1 CONTINUED 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 


cocoo 

K o 

— 

— 

dummy 

COCOl 

K 1 

— 

— 

dummy 

DLMC4 

A ic 

deg 

common 


EFPAR 

k 

— 

— 

dummy 

EM 

M 

— 

common 


ETAOA 

n o 

— 

common 


ETA1A 

*1 

— 

common 


LABE 

a b 

deg 

— 


RAD 

— 

— 

— 


RLMC4 

hz 

rad 

— 


SLM 

X 

— 

common 


TIP 

— 

— 

— 

dummy 



(RDP) 


(11.24.3) 
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Figure 11.24.4 Flowchart of "AILDER" 


11 . 24.8 




IOC**** SUBROUTINE AILDER (CLDA,CNDA) 

20C**** 

30C**** THIS PART OF THE SUBROUTINE CALCULATES THE ROLLING 
40C**** MOMENT DUE TO AILERON DEFLECTION DERIVATIVE 
50C**** 

60 REAL LABE 

70 DIMENSION DDl (32,3), UU1 (4) ,VV1 (3) ,WW1 (8) ,DDD(4) 

30 DATA UU1/4.,6.,10.,16./ 

90 DATA W1/-40.,0.,40./ 

100 DATA WW1/. 2,. 3, .4, .5, .6,. 8,. 9,1./ 

110 DATA DDl/. 024,. 056,. 100,. 154,. 21 7,. 35 7,. 421, .480, 


120 

& 

.032, 

.071, 

.124, 

.195, 

.284,, 

.492,, 

.589, 

.680, 

130 

& 

.017, 

.050, 

.100, 

.173, 

.269,, 

.513, 

.620, 

.720, 

140 

S 

.030, 

.073, 

.133, 

.214, 

.328,, 

.603,, 

.710, 

.795, 

150 

& 

.038, 

.076, 

.127, 

.189, 

.260,, 

.410,. 

.476, 

.540, 

160 

s 

.042, 

.098, 

.170, 

.256, 

.359,, 

.582, 

.684, 

.780, 

170 

8 

.050, 

.110, 

.192, 

.295, 

.420,, 

.678, 

.794, 

.900, 

180 

& 

.060, 

.130, 

.220, 

.333, 

.466,, 

.780, 

.805, 

1.00, 

190 

& 

.038, 

.076, 

.127, 

.189, 

.260,, 

.405, 

.461, 

.515, 

200 

8 

.042, 

.098, 

.170, 

.256, 

.359,, 

.560,, 

.647, 

.720, 

210 

& 

.050, 

.110, 

.192, 

.295, 

.420,, 

.645,, 

.734, 

.815, 

220 

$ 

.060, 

.130, 

.220, 

.333, 

.466,, 

.708, 

.810, 

.900/ 

230 

DATA EM 

,ALC0RA,ETA0A,ETA1A/ 

.152, 

.22,. 

792,. 

240 

DATA DLMC4,AR,CL1 

,SLM/13.,5 

.74,1 

.04,. 

564/ 


250 BETA=SQRT(1.-EM**2.) 

260 RAD=57. 29578 

270 RLMC4=DLMC4/RAD 

280 LABE=RAD*ATAN (SIN (RLMC4) / ( COS ( RLMC4) *BETA ) ) 

290 IF (AR.GT.16.) AR=16. 

300 IF (AR.LT.4.) AR=4. 

310 TIP=1. 

320 CLDLKD=RDP(AR,LABE,TIP,4,3, 3,32, UU1,VV1,WW1, DDl) 

330 CLDLKO=RDP(AR, LABE, ETA0A,4,3,8,32,UU1 ,VV1 ,WW1, DDl) 

340 CLDLK1=RDP(AR, LABE,ETA1A, 4,3,8, 32,UU1 ,VV1 ,WW1 , DDl) 

350 EFPAR=1.3798*ALC0RA**.6388 

360 CLDA1=(CLDLKD-CLDLK1)*EFPAR 

370 CLDAO=(CLDLKD-CLDLKO)*EFPAR 

380 CLDA=CLDA1-CLDAQ 

390 WRITE (6,5) 

400 WRITE (6,25) CLDA 

410 25 FORMAT (10X, M CLDA = '*,1F10.5," PER RADIAN"/) 

420C**** 

430C**** THIS PART OF THE SUBROUTINE CALCULATES THE YAWING 
440C**** MOMENT DUE TO AILERON DEFLECTION DERIVATIVE 
450C**** 

460 DIMENSION UU2(4),VV2(4),WW2(5),DD2(20,4) 

470 DATA ’JU2/.25,.5,.75,1./ 

480 DATA VV2/4.,6.,8.,12./ 

490 DATA WW2/0.,.4,.6,.8,.9/ • 

500 DATA DD2/-. 234, -.217, -.220,-. 226, -.231, 

Figure 11.24.5: Lifting and Sample Output Subroutine "AILDER" 
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Figure 11.24.5: Continued 
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8-. 250, -.252, -.257,-. 270, -.280, -.260,-. 261, -.279,-. 306,-. 321, 
8-. 260,-. 275, -.293, -.314, -.325,-. 160,-. 156,-. 155, -.161, -.176, 
8-. 170,-. 170,-. 180,-. 202,-. 220,-. 179,-. 183, -.199,-. 223, -.240, 

5- . 182,-. 201, -.219,-. 248,-. 270,-. 120,-. 110,-. 105,-. 125, -.143, 

6- . 129,-. 131, -.135, -.158,-. 175, -.137,-. 140,-. 146,-. 182,-. 197, 
8-. 144,-. 158,-. 175,-. 202,-. 224, -.082, -.074,-. 070,-. 085, -.105, 
8-. 095, -.096, -.099, -.111 ,-.126, -.100, -.101 ,-.11 2, -.137, -.153, 
8-.108,-.'! 22,-. 137,-. 161 ,-.175/ 

IF (AR.GT.12.) AR=12. 

COCOO=RDP($LM,AR,ETAOA,4,4,5,20,UU2,VV2,WW2,DD2) 

C0C01=RDP(SLM,AR,ETA1A,4,4,5,20,UU2,VV2,WW2,DD2) 

CNDA0=C0C00*CLDA0 

CNDA1 =C0C01 *CLDA1 

CNDA=(CNDA1-CNDA0)*CL1 

WRITE (6,30) CNDA 

30 FORMAT (10X,"CNDA = ",1F10.5," PER RADIAN"///) 

STOP 

END 


11.24.10 



11. 2 S’ DIRECTIONAL CONTROL DERIVATIVES C 


AND C 


11.25.1 INTRODUCTION 

This chapter describes the computation of the directional 
control derivatives. The method is according to Reference 11.25.1. 
Since it relies on computations in Chapter 11.21 for control-surface 
effectiveness, it is subject to the limitations of those calculations. 


11.25.2 DERIVATION OF EQUATIONS 


11.25.2.1 C Variation o' sideforce coefficient with rudder 

y <s R 

deflection. This derivative may be estimated 
from: 


C = - C 

5 R “vUV 


Where 



(11.25.1) 


is the vertical tail lift curve slope, computed 
v as in Chapter 2. 

Note: The effective aspect ratio of the vertical 

tail, AR~ , used in the calculation of C is 
tFF a 


(a.) 

(O 

V 


(a.) 

6 C„ 


obtained from Chapter 11.12. y 

is the ratio of three dimensional flap-effectiveness 
to two dimensional flap-effectiveness. It may be 
obtained from Chaoter 11.21. 

is the theoretical value of the two-dimensional flap- 
effectiveness parameter, may be obtained from Chapter 
11 . 21 . 
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K' is a correction factor for high control-surface 
angles, obtained from Chapter 11.21. 
is a correction factor for control-surface-span, 
obtained from Chapter 11.21. 


11.25*.2.2 C variation of the rolling moment coefficient with rudder 


deflection. 


This derivative may be computed as follows. 
/ Z cosa - i sina \ 

, . c U — 


(11.25.2) 


Where: 

C follows from section 11. 25". 2.1 



Z and are defined in Figure 11.14.1 


11.25*.2.3 C variation of yawing moment coefficient with rudder 


R 


deflection. 


This derivative may be computed as follows: 


- - C 




/l cosa + Z sina 
f V V 


) 


(11.2S.3) 


Where: 

C follows from section 11. 2^. 2.1 

\ 

Z a>‘d l are defined in Figure 11.14.1. 

V V 

11.2513 HAND CALCULATION 

Following is a hand calculation for airplane A » t * ie data are given 

in Appendix C . With the method of Chapter 11.21, it follows: 

C * 0.151 (rad -1 ) 

v„ 
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With this it follows: 


C = 0.0206 (rad -1 ) 

V, 

C = -0.0654 (rad -1 ) 


11.25.4 RESULTS AND COMPARISON 


The computer generated values of, respectively: 
C = 0.15050 (rad -1 ) 


C = 0.02056 (rad -1 ) 

C = -0.06520 (rad -1 ) 

n ,c 

6 R 

This compares as follows to data given in reference 11,25.2: 

C = 0.1318 (rad -1 ) 

^R 

C z = 0.0168 (rad -1 ) 

6 R 

C = -0.0602 (rad -1 ) 

\ 

or: the computer program overpredicts C by 12.4%, overpredicts C 


by 18% and overpredicts C by 7.7% 


n , 


11.25.5 DESCRIPTION OF COMPUTER PROGRAM 


A list of variables is given in Table 11.25.1, while Figure 11.25.1 
provides a flowchart. Figure 11.25.2 shows the listing of the program, 
including a sample print-out. The program is straightforward. 
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TABLE 11.25.1: VARIABLE NAMES IN SUBROUTINE "RUDDER" 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 


ADADCL 

(a.) 

— 

Function 

"FCLDF" 


(O 




ADCL 

(a.) 

S 

— 

Function 

"FCLDF" 

ALPHA 

a 

rad 

Common 


ARV 

AR 

V 

— 

Common 


ARVEFF 

^EFF 

— 

Subr. "CYB" 


V 




B 

b 

ft 

Common 


BVT 

b 

V 

ft 

Common 


CFOCV 

c,/c 

f V 

— 

Common 


CLAVP 

c £ 

,-l 

rad 

Function 

"SLOPE" 


a v 




CLAVT 

C L 

rad 1 

— 



a v 




CLDRUD 

— 

— 

— 

Dummy 

CLDR 

% 

5 r 

rad 

— 


CNDR 

c 

n, 

5 r 

rad”^ 

— 


CTDR 

c 

\ 

rad 1 

— 


DLMC4V 

A c /4 v 

deg 

Common 


DRUD 

EM 

{ R 

M 

deg 

Common 

Common 


ETAOV 

"oV 

— 

Common 
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TABLE 11.25.1: VARIABLE NAMES IN SUBROUTINE ’’RUDDER’ 1 

(Continued) 


NAME 

ENG. SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 



ETA1V 

n i 

V 

— 

Common 

ETAUT 

n v 

— 

Common 

KB 

s 

— 

Function "FCLOF 1 

KPRIM 

K' 

— 

Function "FCLOF' 

LV 


ft 

Common 

PHTER 


deg 

Common 

SLMV 

X 

V 

— 

Common 

SVT 

s 

V 

ft 2 

Common 

sw 

S w 

ft 2 

Common 

TOCV 

t/c v 

— 

Common 

ZV 

z 

V 

ft 

Common 


Q START J 


INPUT 

DATA 


CALL 

CYBETA 


COMPUTE 



Function "SLOPE’ 1 


Figure Flowchart of Subroutine ’’RUDDER" 
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Figure 11.25.1: Continued 


IOC SUBROUTINE RUODRER (CYDR, CLDR, CNDR) 

20 REAL KB,LV,KPRIM 

30 DATA EM,RH0,TAS/.2,0.,0./ 

40 DATA ALPHA,CL, ETAVT/0.,0., .98/ 

50 DATA CFOCV, ET A1 V,ETAOV,DRUD,TOCV,PHTER/ . 2045,0., . 778,30./ .1,6./ 

60 C0MM0N/VERT/DLMC4V,ARV,SLMV,BVT,CBARVT,SVT,CLAVP,CRCLVT 

70 COMMON/ FUS/ EL F,DFUS,HC,WC,LN,ELTH,HH,SD0,R2I,LV,ZV 

80 COMMON/ FLITE/ ALPHA, CL 

90 COMMON/ AERO/ EM, RHO,TAS 

100 C0MM0N/WING/DLMC4, AR,SLM,B,CRCLW,CBARW,SW,CLAWP 

102 COMMON/CONEFF/CLCLDT,CLDFT,KB,KPRIM,ADADCL,ADCL 

105 CALL CYBETA (CYB,C YBV,ARVEFF) 

110 CLAVT=SL0PE(DLMC4V,SLMV,ARVEFF,EM,CLAVP) 

120 CLDRUD=FCLDF(CFOCV, ETA1V, ETAOV,DRUD,ARV, SLMV,TOCV, PHTER,CLAVP, 

130 8DLMC4V,BVT) 

150 CYDR=-CLAVT*ADADCL*ADCL*KPR1M^KB*ETAVT*SVT/SW 

160 WRITE(6,1000) 

170 1000 F0RMAT(10X,"KU-FRL SUBROUTINE FOR CYDR, CLDR AND CNDR "///> 

180 WRITE(6,1010) CYDR 

190 1010 F0RMAT(10X,"CYDR = ",1F10.5," RAD-1"//) 

200 CLDR=CYDR*( (ZV*COS (ALPHA ) -LV*SIN (ALPHA ) ) /B) 

210 WRITE(6,1020) CLDR 

220 1020 F0RMAT(10X,"CLDR = ",1F10.5," RAD-1 "//) 

230 CNDR=-C YDR*( (LV*CO$ (ALPHA )+ZV*S IN (ALPHA )) /B) 

240 WRITE (6,1030) CNDR 

250 1030 FORMAT (1 OX, "CNDR = ",1F10.5," RAD-1"//) 

260 STOP 

270 END 

Flgur. 11.25.2: Liatlng and Sanple Printout Subroutine "RUDDER" 


11 . 25.6 
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11.26: HINGE MOMENTS OF CONTROL SURFACES C, , C, 

n h r 

a 5 

11.26.1; INTRODUCTION 

This chapter describes the procedure involved in computing the 

hinge moment derivatives and . The method is mainly based on 

a 6 

Reference 11.26.1. The data used for the computation of the section hinge 
moment derivatives are based on the NACA 0009 airfoil. This is a type 
of airfoil that is used quite often for the horizontal tailplane on general 
aviation aircraft. The method makes corrections for lifting-surface geometry, 
control-surface geometry and method of balancing. First the equations for 
the variation of hinge moment with angle of attack will be derived, then 
the equations for the variation of hinge moment with control surface deflection. 
11.26.2.1 DERIVATION OF EQUATIONS FOR 

a 

First the section characteristics will be derived, it applies to 

sealed-gap controls. A correction will be made to account for open-gap 

controls. The hinge moment derivative C, is based on the control chord 

n 

squared(c )^(se.e Fig. 11.26.1). 

F 



The first step is to compute the hinge moment derivative for a 

ot 

radiis-nose, sealed control surface: 


11.26.1 




C-s 



^ theory ^ 


theory. 


“V theory (rad_1 > 


(11.26.1) 


Where: 


s> 

a 

^theory 

a 


is the ratio of actual to theoretical hinge moment 

derivative, obtained from Figure 11.26.2. The parameter 

C z /(C^ ) ^ follows from Eqn. 11.21.4 
o at ^ 


\ 

( C ^a)theory 



Figure 11.26.-: Rat* of Change of Section Hinge Moaent C/ 

with Angle of Attack a 

(C ) 

h a theory is the theoretical hinge moment derivative, follows 
from Figure 11.26.3. 



Flgura 11.26.3: Theoretical Hinge Moment Derivative 
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If the trailing edge of the airfoil does not conform to the following 
condition : 


TAN 





t_ 

c 


( 11 . 26 . 2 ) 


Where: $*_ is the angle between straight lines through 90 and 

1 L 

99 percent of the chord on upper and lower surface 

4>" is the angle between straight lines through 95 and 99 

percent of the chord on upper and lower surface* 

$ is the trailing edge angle between tangents to upper 
TE 

and lower surfaces at the trailing edge* 
then the following correction has to be^appliei to equation (11.26 .?): 

‘S -S, + 2 (C *W — ) ( ™ V s - i> (rad ' 1] 

a a a 1 ' l theory - 

a (11.26.3) 

To account for the effect of balancing, the following correction is applred: 

(C. ), 


(C ) = c 

h ‘'balance h 
a 


„ / baUncA ^-K 

\l C h / 


(11*26 .4) 


Where: 

C" is obtained from Eqn. (11.26.3), or Is equal to C’ in 
n n 

a a 

Eqn. (11.26.1). 


(C ) 

v h ' balance 
q 

c h 


is obtained from Figure (11.26.4). 


The definition of the control surface dimensions is given in Figure (11.26.5) 
while Figure (11.26.6)whows the various nose-shapes. 


*Note: For a beveled trailing edge is equal to the angle of bevel. 
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* 

Us in? the two dimensional hinge moment, computed above, the three dimen- 
sion?^ hinge moment coefficient is: 



AR cos A c/4 
AR + 2 cos A 


c/4 


(Cl ) + AC. 


(11.26.6) 


Where: 


C. is computed with Eqn. ( 11 . 26 . 5 ) 
h 

a 

AC^ is a correction for induced camber effects, arrived at by 

u 

•jsing lifting-surface theory. It may be computed by refer- 
ring to Figure (11.26.7). 

SUBSONIC SPEEDS 



Figure 11.26.7: Correction for Induced Caaber 


The variables in the y-axis quantity are: 

is section lift curve slope 
a 

takes control surface span into account, for outboard 

controls (see Fig. 11.26.8) if in board controls are 

used, then K may be approximated to be equal to Y Q /(b/2), 

Y Q and Yj^ are defined in Figure 11.26.9. 

*The effect of open gap and bevel angle on section characteristics will be 
determined later. 
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the wing quarter chord line, if not explicitly given they may be approxi- 


mated by: 


and 


c’/c f 


c f /c* 

V f 


(cj + e f ”)/(c" - c nf + cj + c" 1 ) 


c^/(cj + c' f ”) 


( 11 . 26 . 7 ) 

( 11 . 26 . 8 ) 
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Where : 


c f " c f cos \/*z 

c f’ “ c f 8i * A l/43 tanA i/4c 
c" - (c - c f ) cos A 1/4 - 

c’" - (c - c f ) sinA 1/4 -. sin O'- LE -A 1/4 ») 

c i ’ c b COsA 1/4c + c b SinA l/4c tan(A l/4c ” A HL ) 



Figure 11.26.10: Correction for Chord Redo 


(11.26.9) 

( 11 . 26 . 10 ) 
( 11 . 26 . 11 ) 
( 11 . 26 . 12 ) 
(11.26.13) 


Corrections for open gap, horn balance and bevel angle will now be made. 
Reference 11.26.2, Figure 6-8, provides data for the estimation of the effect 
of open gap. The figure is reproduced in Figure 11.26.11. The definition 
of the gap may be found in Figure 11.26.5. 
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—.016 



Figure 11.26.11: Effect of Open Gap on Section Hinge Moment 

Coefficient for a .35C Flap 

Figure 11.26.10 shows on the average a (positive) increase in C, 

h o 

of .0005 for a .005c gap. A simple approximation of the effect of open 
gap, therefore, is: 

c ■. 

AC. * +.1 — £££■ (deg") (11.26.14) 

h o c 

gap 

Reference 11.26.3 provides data for the estimation of the effect of bevel 
angle. Figure 11.26.12 is a reproduction of Fig. 12:14 of this reference. 
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Figure 11.26.12: Effect of Angle on Hinge Moment 

Coefficient for a .2c Flap 


The effect of bevel angle may thus be approximated as: 

AC h - .00027 $ bev (deg' 1 ) (11.26.15) 

a 

Where: $ y in degrees 

Both the effect of bevel angle and of open gap have to be corrected for 
flap-airfoil chord ratio. This can be done by referring to Fig. 11.26.13, 
which is a reproduction of Figure 12:7 of reference 11,26.3. 

001 

£ 

5 0 

•* 

* 

r : 

i 

| “° 02 
i 


Figure 11.26.13: Correction for Flap-Chord Ratio 

The correction for open gap (Eqn. 11.26 .14) now becomes: 

AC, » ,1c + (.0025 (c7c - .3)) (deg' 1 ) (11.25.16) 

n a gap f 

gap 
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The correction for bevel angle on section hinge moment coefficient 


now becomes: 


-U 


.00027 * BEV (1+3.33 (c ,c - .3)) (d.g *) (u . 26 . 17) 


bev 


The corrected three dimensional hinge moment coefficient is based on 
twice the area moment. 

11.26.2.2 Derivation of Equation for C . T 

6 

The equation for the section characteristics will be derived first, 

then corrections for three dimensional effects will be made. The hinge 

moment coefficient C. is based on the control chord squared c 2 f . (See 

6 

Figure 11.4.1). The method is based on closed gap controls, a correction 
will be made for open gap. 

For a radius-nose sealed, plain trailing edge control for which the 
thickness correction as defined on page 11.26 is valid the hinge moment 
derivative follows from: 


"6 

where : 


<v> 


‘ (< V theory j " S theor 5’ 


(rad -1 ) 


(11.26.18) 


(c. ) is the ratio of actual to theoretical hinge moment 

"6 theory obtained from Figure 11.26.14. 

(c, ) is the theoretical hinge moment derivative, obtained 

i$ theory from Figure 11.26.15. 


Note: 


The parameter /( c ) 

a 

from section 11.21. 


in Figure 11.26.14 may be obtained 

theory 
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(») 



Figure 11426.14: Ratio of Actual to Theoretical Hinge Moment 


('^theory 
(per rad) 



Figure 11.26.15: Theoretical Hinge Moment Derivative 


If the thickness condition as defined on page 11.263is not met, 
then the following correction has to be applied, otherwise it may be 
omitted: 


+ 2 (c. ) 


'6 theory 




<c. ) 


<5 theory 


^(TAN*— 


- -|) (rad 1 ) 


(11.26.19) 


where : 


c', is obtained from equation (11.26.18) 

6 

(c ) is the theoretical lift due to flap deflection, 

*5 

theory obtained from Fig> 11<2 3. 
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(c t ) 

6 theory 


is the ratio of the actual to the theoretical lift 
due to flap deflection, obtained from Figure 11.23. 


$" TE is as defined in section 11.26.2.1 for a beveled 

trailing edge: *" TE - <fr BEV * 


A correction for nose shape can be made as follows: 


<=h> 


< c h> 


-U 


6 balance 




5 balance ) (rad ) 


(11.26.20) 


where : 


", is obtained from eqn. (11.26.19) or equal to c' . 

h S b S 


(c, ) is obtained from Figure 11.26.16, for various 

6 balance 

c". nose shapes as defined in Figure 11.26.6. 


0 NACA 0009 ) 
ONACAOOIJ \ 
o NACA 66009 j 
- NACA 0009 j 
-NACA 001 5 ( 
A NACA 0009 


ROUND NOSE 


ELLIPTIC NOSE 
SHARP NOSE 

SUBSONIC SPEEDS 



H c « 




HINGE 

LINE 


^ h *)b»lin«e 



ORIGINAL BAGB IS 
OP POOR QUALITY! 


Figure 11.26.16: Effect of Note Belance on Section Hinge 

Moaent Derlvetlve 


The effect 



of Mach number may be accounted for as follows: 


( c h ) 

<5 low speed 

^1 - M 2 


(11.26.21) 
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Now corrections will be made for open gap, horn balance and bevel 
angle. 

From Figure 11.26.11 follows the following correction for open gap: 

A (c ) - .2 C gap (11.26.22) 

“<5 gap c 

This has to be corrected for flap-wing chord ratio, according 
to Figure 11.26.13 to provide: 

A (c ) - .2 — j 1+1.25 (c , - .3)1 (deg -1 ) (11.26.23) 

n 6 gap L c J 

In the same way a correction factor for the effect of bevel angle is 

found to be: 

A (C h ) - . 0027d> BEV 1 + 1.25 (Cg/c -.3) (deg -1 ) (11.26.24) 

5 BEV L J 


The two-dimensional hinge moment coefficient as obtained above, will now 
be corrected for three-dimensional effects. The hinge moment derivative, 
based on twice the area moment may be obtained from: 

cosA 


cosA cosA_ 
c/4 HL 


’ 2 cosA cM 

+ AS + 2 cosA c/4 _ 


+ c. 


(11.26.25) 


Where : 


C, is the hinge-moment derivative due to angle of 
h 

a 

attack, to be obtained from section 11.26.2.1. 

C is the section hinge moment derivative due to control 
6 

deflection, to be obtained from section 11.26.2.1. 

a. is the two dimensional lift effectiveness parameter 
6 

obtained from section 11.23. 
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AC is an approximate lifting surface correction which 
n 5 

accounts for induces camber. It may be obtained from 

Figure 11.26.17, where: 

1*2 accounts for control surface and balance surface 
chord ratios, this parameter may be obtained from 
Figure 11.26.10. 

Kg accounts for control surface span effect for outboard 
controls, see Figure 11.26.18. For inboard controls 
Kg can be approximated by using Y q I.S.O Y^ 

Note: The values that are primed in Figure 11.26.10 

refer to measurements normal to the quarter chord. 

See Equations 11.26.7 through 11.26.13. 



Figure ll.26.i7: Lifting Surface Correction for Hinge Moment 

Derivative 
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3 


2 


K 


5 


l 


0 


Figure 11.26.18: Correction Factor for Control Surface Span 

A last correction that may be applied to the three dimensional values 
is a correction for the effect of a horn balance. It should be noted 
that the effect is difficult to estimate. Reference 11.26.3 provides 
a rough estimation of the effect for an unshielded horn, see Figure 
11.26.19. 





Figure 11.26.19: Effect of Horn Balance 


ORIGINAL 1AGE lb 

of poor quality; 


11.26.15 





The effectiveness of the horn is determined by the ratio of the moment 
of the horn area forward of the hinge line to the moment of the flap area 
aft of the hinge line, where the moment is defined as the area of the flap or 
horn multiplied by the distance of the respective area controid from the 
hinge line. Figure 11.26.19 is for a 0.20 c plain flap on a NACA 0009 
airfoil. To correct for different flapping chord ratios use can be made of 
Figure 11.26.13. The effect of horn balance on hfnge moment coefficients 
can be expressed as: 



M. C f b 

(.013125 ~ (1 - .0025 ~ .2))) 

f cs 


(11.26.26) 


u C b 

AC, - (.0125 ^ (1 - .0175( — - .2))) (11.26.2 7) 

h- M- c S 

of cs 

This concludes the derivation of the equation for the hinge-moment derivatives 

C and c 
a 5 

11 - 26 - 3 HAND CALCULATION 

This section describes a hand calculation ^ or ®l®vator of airplane 
B for which data are presented in Appendix C . 



n theory 


0.93 


Fig. 11.26.2: 

Fig. 11.26.3: 
Eqn. 11.26.1: 


c’ 


h 

a 


<v 

theory 


0.82 


(C w ) - - .49 (rad -1 ) 

h o fc 

theory . 

C' - -.402(rad ) 

n 

a 


11.26.16 



Eqn. 11.26.3: C". = -.361 (rad _1 ) 

n 

a 


Fig. 11.26.4: 

(C h ) 

a balance s i n 
C "h 

a 

Eqn 11.26.4: 

(C h ) * -.361 (rad - 

a balance 

Eqn. 11.26.16: 

AC h - +.0004 (rad -1 ) 

a 

gap 

Eqn. 11.26.17: 

AC h = +.0015 (rad -1 ) 

“bev 

Fig 11.27.8: 

K =3. 

a 

Eqn. 11.27.7: 

c’ f/c , = 0.246 

Eqn. 11.27.8: 

C 'b/c' f = 0.054 

Fig. 11.27.10: 

B 2 - .99 

Fig 11.27.7: 

AC h 

a * 

C. B- K cos A 
1 2a c/4 

a 

Fig. 11.27.7: 

AC h » .2042 (rad -1 ) 
a 

Eqn. 11.27.6: 

C h * -.0352 (rad -1 ) 
a 

Fig. 11.26.14: 

C \ 

(c h ) " * 95 

5 theory 

Fig. 11.26.15: 

(c ) » -.87 (rad -1 ; 

theory 

Eqn. (11.26.18) 

c' * -.8265 (rad *) 

h 6 

Section 11.23 

% 

> - °* 89 
6 theory 

Section 11.23 

(c^ ) * 3.9 (rad" 1 ; 

6 theory 
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Eqn. 11.26.19: 

c". - -0.8588 (rad* 1 ) 

h 5 

Fig. 11.26.16: 

(c h } 

£ balance . _ 

Eqn. 11.26.20: 

i, * 1.0 

h « 

(c h ) - -.8588 (rad x ) 

n 5 balance 

Eqn. 11.26.22: 

a( Vgap ’ - 0516 (rai ' 1) 

Eqn. 11.26.23: 

A(c ) - 0.8655 (rad” 1 ) 

<5 bev 

Section 11.23 

a 5 - -.6 

Fig. 11.26.18: 

- 3.0 

Fig. 11.26.17: 

AC. - 0.1797 (rad -1 ) 
h 5 

Eqn. 11.26.24: 

C. - 0.0385 (rad -1 ) 


11.26.4 PROGRAM DESCRIPTION 

The program is straightforward. Use is made of a combination of HP-65 
curve-fitting techniques and Function "RDP" to implement the figures in the 
program. The variables used in the program are listed in Table 11.26.1. A 
flow chart of the program is given as Figure 11.26.20. A listing and a 
sample printout is Included as Figure 11.26.21. 
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Table 11.26.1 VARIABLE NAMES IN SUBROUTINE "CONSURF" 


NAME 

ENG SYMBOL 

DIMENSION 

ORIGIN 

REMARKS 






AR 


— 

Common 


ADP 


— 

— 


B 

b 

ft 

Common 


BRAT 

— 

— 

— 

Balance ratio 
Figure 11.26.4 

BZ 

B 

z 

— 

— 


CB 

CBAR 

s 

ft 

ft 

Common 


CBOCF 

V c f 

— 

Common 


CBP 

c ; 

ft 

— 


CDP 

CDPHA 

c h 

h a 

^-1 

rad 

-1 

— 


CDPHD 

C" 

h 6 

rad 

__ 


CF 

C F 

ft 

Common 


CFDP 

C F 

ft 

— 


CFOC 

V c 

— 

Common 


CFTP 

/-•II t 

C F 

ft 

— 


CGOC 

c / c 

-1 

Common 


CHA 

°h 

a 

rad 

-1 



CPHA 


rad 

-1 



CDHP 


rad 



CPBCFB 

— 

— 

— 

Dummy 

CPHOCH 

— 

— 

— 


CPFCA 



— 

Dummy 
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Table 11.26.1 VARIABLE NAMES IN SUBROUTINE "CONSURF" (Coat’d) 


NAME ENG SYMBOL DIMENSION ORIGIN REMARKS 


CTP 

C". 

ft 

— — 


DOHA 

AC h 

rad 1 

— 


DCHAB 

a 

AC h 

,-l 

rad 

— 



“bal 




DCHAH 

* C h 

,-l 

rad 

— 



a horn 




DCHD 

AC. 

h 6 

rad - * 

— 


DCHDB 

lc h s 

°bal 

rad 



DCHDH 

AC h 

rad ^ 

— 



h s. 

horn 




EM 

M 

— 

Common 


ETA 

n 

— 

Common 


ETAO 

n o 

— 

Common 


ETA1 


— 

Common 


KALP 

h 

— 

— 


KBEV 

— 

— 

Common 

Control Variable 

KDEL 

K 6 

— 

— 


KGAP 

— 

— 

Common 

Control Variable 

KHORN 

— 

— 

Common 

Control Variable 

KNS 

— 

— 

Common 

Control Variable 

MHMF 

^Siorn/^lap 

— 

Common 


PDATE 

a" 

*TE 

deg 

Common 


PHIB 

^Bev 

deg 

Common 


PHITE 

^TE 

deg 

Common 


RLMC4 

^l/4c 

rad 

Common 
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Table 11.26.1 VARIABLE NAMES IN SUBROUTINE "CONSURF" (Cont*d) 


NAME ENG SYMBOL DIMENSION ORIGIN REMARKS 


RLMLE 

a le 

rad 

Common 


RLMHT 

a hl 

rad 

Common 


SE 

S E 

ft 2 

Common 


SLM 

A 



Common 


TC 

t 

c 

ft 

Common 


TCOCF 

— 

— 

— 

Dummy 

TOC 

t/c 

— 

Common 


YB2 

Y b/2 

— 

— 




Fijvre ii. 1 6 . 1 a: ‘ COWSUftF * 
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Figure 11.26.20: Continued 
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IOC SUBROUTINE CONSURF (CHA,CHD,DADD) 

20 REAL KDEL,KALP,MHMF 

30 DATA TOC,PHITE,CLAPP,CF0C,CBOCF/0.09,6.,6.25,0.246,0.054/ 

40 DATA TC, CF,KNS,EM,ETA1,ETA0,SLM,CLDFT/0. 08,0. 406,1,. 05, 0.,1., 0.5,4. 55/ 

50 DATA B,AR,RLMC4,CLCLDT,CHL0C,PDPTE/6. 36,4. 0,0. 436,1. ,.754,6./ 

60 DATA CPHA,CPHD,KBEV,KH0RN,PHIB,KGAP,MHMF,CG0C/.0,. 0,0,0,6.0,1,0.0,0.005/ 

80 DATA TCOCF,CBAR,SE/. 07,1. 65,0./ 

90 CLATH=6. 28+4 . 7*T0C*( 1 . +.00375*PHITE) 

100 CLCLAT=CLAPP/CLATH 

105 CF=CFOC*CBAR 

110 IF(RLMC4.EQ.O.) GOTO 2 

112 ***** ***** 


113***** COMPUTATION OF CHORD-RATIOS PERPEN- ***** 

114***** DICULAR TO THE 1/4 CHORD LINE ***** 

120 RLMLE=ATAN(SIN(RLMC4)/C0S(RLMC4)+(1./AR)*((1.-SLM)/(1.+SLM>)) 

130 RLMTE=ATAN(SIN(RLMC4) /COS (RLMC4)-(3./AR)*( (1 ,-SLM) / (1 .+SLM) ) ) 

131 RLMHL=ATAN($IN(RLMC4)/C0S (RLMC4) -(4./AR)*((CHL0C-.25)* 

132 4(1.-SLM)/(1.+SLM)>) 

140 IF(RLMLE.EQ.O.) RLMLE=.000001 

150 IFCRLMTE.EQ.O.) RLMLE=. 000001 

190 CFDP=CF*COS (RLMC4) 

200 RLM4T=RLMC4-RLMTE 

210 CFTP*CF*SIN(RLMC4)*SIN(RLM4T)/C0S(RLM4T) 

220 CDP=CCBAR-CF)*C0S(RLMC4) 

230 CTP=((CBAR-CF)*SIN(RLMC4))*SIN(RLMLE-RLMC4) 

240 CB=CBOCF*CF 

250 CBP=CB*COS (RLMC4) +CB*SIN <RLMC4)*SIN (RLMC4-RLMHL) /COS (RLMC4-RLMHL) 

260 CPFCP=(CFDP+CFTP)/(CDP-CTP+CFDP+CFTP> 

270 CP8CFB*CBP/(CFDP+CFTP) 

280 GOTO 3 

290 2 CPFCP=CFOC 

300 CPBCFB=CBOCF 

310 3 CONTINUE 

340 IFCSE.EQ..O) SE=CF*B/2. 

350 IF(ETA1.LE..1.AND.ETA0.LE..5) ETA=ETAO 

360 I F < ETA i .GT..5.AND.ETA0.GT. .9) ETA=ETA1 

370 IF(ETA1.GT.. 3. AND.ETAO.LT. .7) ETA=(ETA0+ETA1 )/2. 

380 IFCETA1.LE..1.AND.ETA0.GT..9) ETA=ETAO 

390 YB2=ETA 

410 IFCCPHA.NE.O.) GOTO 15 

415***** ***** 

416***** COMPUTATIONS FOR CHA ***** ORIGINAL 1AGE & 

417***** ***** QP POOR QUALITY 

420 DIMENSION DD1 (9,2), VV1 (9),DDD1 (4),WW1 C2),UU1(1) 

430 DATA W1/. 68, .72, .76,. 8,. 84,. 88,. 92,. 96,1./ 

440 DATA UU1/1 ./ 

450 DATA WW1/.1, .5/ 

460 DATA DD1/-. 2,. 12,-. 017,. 3,. 183, .45, .35, .605, 

470 4. 508,. 7,. 65,. 8,. 767,. 85,. 883,. 94,1. ,1./ 

480 CPH0CH=RDP(1.,CLCLAT,CF0C,1,9,2,2,UU1,W1,WW1,DD1) 

495***** ★★★★★ 


Figure XI. 26. 21: Listing and Sample Printout of Subroutine "CONSURF" 
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500 

DIMENSION DD2(5,3),VV2(5),DDD2(4),WW2(3>,UU2<1) 



510 

DATA VV2/0.,.04 / .08 / .12,.16/ 



520 

DATA UU2/1 ./ 



530 

DATA WW2/.1,.25,.5/ 



540 

DATA DD2/-. 346, -.567, -.87,-. 321, -.542,-. 84, -.288,- 

.504,- 

.825, 

550 &-. 254, -.467, -.8,-. 213, -.425,-. 761/ 



560 

CHATH=RDP(1.,T0C,CF0C,1,5,3,3,UU2,VV2,WW2,DD2> 



580 

C PHA =C PHOC H*CHA TH 



590 

PDPTE=PDPTE/57.3 



610 

CDPHA=CPHA+2.*CLATH*(1 ,-CLCLAT)*((SIN(PDPTE/2.) /COS (PDPTE/2. ))■ 

630 

BRATsSQRT C(CB0CF**2)-(TC0CF/2.)**2) 



650C***** 



***** 

6600**** 

KNS=1 : ROUND NOSE 


***** 

6700**** 

KNS=2 : ELLIPTIC NOSE 


***** 

6800**** 

KNS=3 : SHARP NOSE 


***** 

6900**** 



***** 

700 

IF(KNS.EQ.I) CHCDHA=-2.614*BRAT+1 .333 



710 

I F (KNS . EQ. 2) CHC DHA=-2. 327*BRAT+1 . 222 



720 

IFCKNS.EQ.3) CHC DHA=1 .088+1 .755*BRAT-3.675*BRAT**2 


730 

IF(CHCDHA.GT.I.O) CHCDHA=1.0 



740 

CHAP=CDPHA*CHC DHA/SQRT (1 .-EM**2) 



750 

IF(K8EV.NE.1) GOTO 10 



7600**** 


***** 


7700**** 

CORRECTION FOR BEVEL ANGLE AND HORN BALANCE, DERI-***** 


7800**** 

VED FROM FIG. 12:7, 12:12 AND 12:14 OF DOMMASCH 

***** 


7900**** 

, SHELBY AND CONNALLY 

***** 


8000**** 


***** 


810 

DCHAB=.00027*PHIB-(.0025*(CFOC-.2) ) 



820 

CHAP=CHAP+DCHAB 



830 10 

CONTINUE 



840 

IF(KHORN.NE.I) GOTO 12 



850 

DCHAH=(.013125*MHMF-(.0025*(CFOC-.2)))*B/SE 



860 

CHAP=CHAP+DCHAH 



870 12 

CONTINUE 



890 

IF(KGAP.NE.I) GOTO 15 



9000**** 


***** 


91 OO**** 

THE EFFECT OF OPEN GAP WAS ESTIMATED FROM FIG. 

***** 


9200**** 

6-8 OF PERKINS AND HAGE 

***** 


9300**** 


***** 


940 

CHAP=CHAP+CGOC 



950 15 

CONTINUE 



960 

KALP=1 .02026+. 5366 1*YB2+2.52737*YB2**2 



970 

IF(KALP.GT.3.0) KALP=3.0 



990 

DIMENSION DD3(6,6),VV3(6),DDD3(4),WW3C6),UU3(1) 




Figure 11.26,20: Continued 
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1000 DATA VV3/0.,,2,.3,.4,.5,.6/ 

1010 DATA UU3/1 ./ 

1020 DATA WW3/. 05 /.1 5,. 25,. 35,. 45 /a 55/ 

1030 DATA DD3/. 48,. 8,1. 02,1. 165, 1.28,1. 37,. 45,. 74,. 935, 1.08,1. 19,1. 3, 

1040 8. 4,. 65,. 84,. 98, 1.1, 1.2,. 325,. 55,. 7,. 65,. 98,1. 08, 

1050 8 . 225 , . 39, , 54, . 65, . 79, . 935 , . 09, .215,. 34, . 45, . 59, . 78/ 

1060 B2*RDP(1.,CPBCPF,CPFCP,1,6,6,6,UU3,VV3,WU3,DD3) 

1080 CHARAT*.0283-.00544*AR+.0003*AR**2 

1090 DCHA=CHARAT*CLAPP*B2*KALP*(C0S (RLMC4) ) 

1110 CHA=((AR*C0S(RLMC4))/(AR+2.*C0S(RLMC4)))*CHAP+DCHA 

1121 ***** ***** 

1122***** COMPUTATIONS FOR CHD ***** 

1130 IFCCPHD.NE.O.) 60T0 20 

1140 DIMENSION DD4(7,2) ,VV4(7),DDD4(4) ,WW4(2) ,UU4(1 ) 

1150 DATA W4/0.,.05,.06,.08,.1,.12,.15/ 

1160 DATA UU4/1 . / 

1170 DATA WW4/.1,.5/ 

1180 DATA DD4/-. 88, -1.11, -.83, -1.09, -.8, -1.08,-. 769,-1. 05, 

1190 8-. 735, -1.03,-. 696,-1. 02,-. 638,-1. 01/ 

1200 CHDTH=RDP(1.,T0C,CF0C,1,7,2,2,UU4,VV4,WW4,DD4) 

1220 DIMENSION DD5(9,5),VV5C9),DDD5(4),WW5(5),UU5(1) 

1230 DATA W5/. 6,. 65, .7,. 75, .8, .85, .9,. 95,1./ 

1240 DATA UU5/1 ./ 

1250 DATA WW5/.1,.2,.3,.4,.5/ 

1260 DATA DD5/. 642, .598, .564,. 415, .25, .703,. 672,. 621, .547,. 42, 

1270 8. 752,. 735, .704,. 659,. 58,. 8,. 785, .768,. 739,. 685, 

1280 8. 842,. 836,. 821,. 8,. 75,. 8S,. 872,. 867,. 855, .84, 

1290 8. 922,. 918,. 914,. 91,. 9,. 964,. 96,. 96,. 956,. 95, 

1300 81 .,1 .,1 .,1 .,1 ./ 

1305 CHCHTH=RDP(1.,CLCIAT,CF0C,1,9,4,4,UU5,VV5,WW5,DD5) 

1320 CPHD=CHCHTH*CHDTH 

1330 CLDFT=1. 2572+12. 8356*CF0C-10.3788*CF0C**2 

1340 CLDFT=CLDFT+12.14*T0C*(CF0C-.05) 

1360 CDPHD=CPHD+2.*CLDFT*(1.-CLCLDT)*((SIN(PDPTE/2.)/C0S(PDPTE/2.))-T0C) 

1380 IF(KNS.EQ.I) CHCHDP=-.917*BRAT+1 .375 

1390 IFCKNS.EQ.2) CHCHDP=-.529*BRAT+1 .25 

1400 IF(KNS.EQ.3) CHCHDP=-.401*BRAT+1 .292 

1410 IF(CHCHDP.GT.I.O) CHCHDP=1.0 

1420 CHDP=CDPHD*CHCHDP 

1430 CHDP*CHDP/SQRT(1.-EM**2.) 

1440 IFCKBEV.NE.1) GOTO 20 

1450C***** ***** 

1460C***** CORRECTION FOR BEVEL ANGLE AND HORN BALANCE,D£RI- ***** 

1470C***** VED FROM FIG. 12:7, 12:12 AND 12:14 OF DOMMASCH ***** 

1480C***** SHELBY AND CONNALLY ***** 


1490C***** ***** 

1500 DCHDB=.0003*PHIB-(.0175*(CF0C-.2)) 

1520 CHDPsCHDP+DCHDB 

1530 20 CONTINUE 

1540 IF(KHORN.NE.I) GOTO 25 

1550 DCHDH=(.0125*MHMF-(.0175*(CFOC-.2)))*B/SE 

1570 CHDPsCHDP+DCHDH 
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1580 25 CONTINUE 

1590 IF(KGAP.NE.I) GOTO 30 

1600C***** ***** 

1610C***** THE EFFECT OF OPEN GAP WAS ESTIMATED FROM FIG. ***** 

1620C***** 6-8 OF PERKINS AND HAGE ***** 

1630C***** ***** 


1640 CHDP=CHDP+CGOC*< ,0053*CBOCF+.0001 7) 

1650 30 CONTINUE 

1690 CHDR AT=. 05865 -.01 23 3*AR+. 00071 *AR**2 

1710 CHDRAT=CHDRAT-(CPFCP-.2)*(-.0028*AR+.0306) 

1720 KDEL=1 .00875+. 3321 4*YB2+2.34286*YB2**2 

1730 IF(KDEL.GE.3.0) KDEL=3.0 

1740 CLDP=CLCLDT*CLDFT 

1750 DCHD=CHDRAT*CLDP*B2*KDEL*C0S(RLMC4)*C0S(RLMHL) 

1770 ADP=-CLDP/CLAPP 

1 780 CHD=C0S(RLMC4)*C0S (RLMHL)*(CHDP+ADP*CHAP*( (2.*CCS (RLMC4) ) / 

1790 S(AR+2.*C0S (RLMC4) ) ) ) +DCHD 

1650 WRITE(6,990) 

1660 990 FORM AT(10X ,"******************************************************"//) 
1670 WRITE(6,1000) 

1680 1000 FORMAT (10X,"KU-FRL SUBROUTINE FOR CALCULATION OF HINGEMOMENTS"/ / /) 
1690 WRITE (6,1030) CHA 

1700 1030 FORMATdOX, "ELEVATOR CHA = ",1F10.5," RAD-1",//) 

1710 WRITE (6,1050) CHD 

1720 1050 FORMATdOX, "ELEVATOR CHD = ",1F10.5," RAD-1",///) 

1730 WRITE(6,1070) 

1740 1070 FORMAT (1 OX,"******************************************************"//) 
1750 STOP 

1760 END 


Figure 11.26.21; Continued 
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1.1.26.5 RESULTS 


The computer generated results compare as follows to data obtained from 
Reference 11.26.4 (Airplane B). 


Table 11.26.2: COMPARISON OF RESULTS 



Hand calc 
rad 

"CONSURF" 

. Computer 

rad ^ 

Ref. 11.26.4 

,-l 

rad 

Error between 
computer & 
Ref. 11.26.4 

% 

■ 

-.110 


-.11234 

-.1146 

1.9 





t 


■ 

-.379 


-.38893 

-.4584 

15.0 


These data compare fairly well. However, it should be noted that the values 


obtained with this program are very sensitive to the input data. Also the 
effects of gap and horn balance are rough estimates and are influenced by 


other factors. In this case more test runs for different elevators are needed 


to validate the data obtained. 
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CHAPTER 12 


DYNAMIC STABILITY ROUTINE 


The Dynamic Longitudinal and Lateral-Directional Stability routine 
that will be incorporated in GASP is a modified version of an existing 
computer routine developed at KU. This computer program is documented 
in Reference 12.1. The program has been extensively used at KU for de- 
sign work, with excellent results. The program was simplified such that 
it computes the longitudinal and lateral-directional stability character- 
istics for a given aircraft, with given stability and control parameters, 
but does not perform an autopilot analysis as the original program does. 
Time did not permit a check-out of the modified program, but it is felt 
that this should not present unduly problems. 

A listing of the modified program is included for completeness as 
Appendix D. 


REFERENCE 

12.1 Postal, M. A Computer Program for Determining Open and Closed 

Loop Dynamic Stability Characteristics of Airplanes 
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CHAPTER 13 


CONCLUSIONS AND RECOMMENDATIONS 


Table 13.1 presents data on the accuracy attained with the computer 
program. Also possible sources of error are indicated. Generally speak- 
ing the results are within the 102 accuracy limit that is felt to be de- 
sirable for preliminary design work. However, some subroutines did not 
perform that well; more test runs are needed for those routines to decrease 
the error. Time did not permit a complete run with all the subroutines to- 
gether including the Dynamic Stability and Control routine described in 
Chapter 12. However, this last routine has been checked out thoroughly 
aid has been running with satisfactory results for some time. It is felt 
that the complete program should produce correct results for the types of 
airplanes considered in this research. 

As a follow-on of this project it is suggested to perform a series of 
runs for existing aircraft to check the total performance of the program. 

As a matter of fact, this is part of a new proposal to NASA Langley 
Research Center. This proposal has been approved. All the subroutines 
described in this report will be added to the existing version of GASP at 
Kansas University. Then the complete program will be used for configuration 
analysis work. 

Also the subroutines described in section 11 and in section 12 will be 
set up as a separate program to compute the Static and Dynamic Stability 
characteristics for given airplane configurations. It is felt that this 
should be a valuable tool in preliminary design work at the class-level. 


13.1 


ORIGINAL 1AGE I b 
OF POOR QUALITY 



TABLE 13.1s ACCURACY OF COMPUTER PROGRAMS 


PERCENT ERROR ! REMARKS 


t 

"TRIH" 

51; 

i 

j 


i 

‘'GROUND" 

— 

No comparable data, results 
are convincing 

— 

"POWER" 

5* 

For lift predictions, discrep- 
ancy in tail plane 

i 

1 

1 

j 

5* 

Lift for single-engine case for 
pitching moment prediction 

C ; 

m 

a 

"CnALPH" 

5* 


V 

"VhC" 

! 



V s 

kOT* air 

"ROT5PO" 

52; 

| For rotation speed 

i 


lot 

For ai r di stance 

1 .1 » 1 
XX yy zz 

,1 "INERTIA" 

xz 

1U 

For rolling moment inertia 

1 


7% 

For pitching moment ine-tla 


! 

I 

6t 

For yawing moment inertia. 

No conparable data for cross- 
product Inertia's. 


"CDAIPHA" 

13? 


\ 

"UFCRV" 

6t 

1 

j 

de/da 

i 

"OOWNVS" 



C l 

u 

"CL UU" 

2% 


C 

m 

u 

"duu" 

kOX 

Method is prone to computational 
errors 

C. 

L 

d 

"CLQUE" 

2 % 


C 

m 

d 

"CMQUE" 

2% 

30t 

For Airplane C 

For Airplane A, cause of this 
error is as yet unknown 

c i. 

a 

"CLAD" 

20t 

j 

The question rises if the correc- 
tion factor of 1.2 is justified, 
more test runs needed 

c 

m- 

3 

| 

i 

"CNAO" 

30t 

Correction factor of 1.2 may not 
be correct, more test runs needed 

Cy a 

"CYBETA" 

2t 


s 

"CLBETA" 

lOt 








TABLZ 13.1: Continued 


VARIABLE 

ROUTINE NA*E 

PERCENT ERROR 

remarks 





c ! 

"CNBETA 1 * 1 

25? 

Witnout correction far 

n . 

3 

i 


vertical tail size 


j 

i 

t 

5i ! 

i 

j 

With correction for vertical 
tai 1 size 

c 

"CYPE" 

22-S0t 

Error probably due to complex 

v p 



asymmetric flowfield around 
nori zontal tai 1 

c 

y r 

"CYARE" 

6? 


c. 

"CLPE" 

8% 

For airplane A 




For ai rpl ane D 

S 

P 

*'CNPE M 

:oo? 

Too ne$ative, reason as vet 
unknown, -nay be due to flow- 
field around vertical tail 

P 

L 

"CYARE" 

(>\ 


V 





•'CLAA - '* 

5% 

Flaps up 

r i 

I 

i 

15? 

Flaps down 

\ 

"FC..3F" 

1 

10? j 

j 

For C ( 

% 

S' s 

J "A 1 LDtR" 

1 

5? 
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APPENDIX A COMPARISON OF METHODS FOR COMPUTATION OF GROUND EFFECT . 


This appendix briefly describes the methods used in the comparison 
of ground effect calculation methods. 


A.l. Corning (Ref. A.l) 

A. 1.1 Description of Method 

Cornxng defines the ground effect factor as: 



where: 


The lift coefficient 



C L - AC L 

°L * AC L 
oge 


(A.l) 


Lift coefficient including flap and 
ground effect. 


AC^ * Lift coefficient increment due to flaps. 

^L 0 g e " Lift coefficient out of ground effect 
(including flap effect). 

in ground effect may then be calculated as: 


( C Loge “ AC L> + A C L 


(A. 2) 


ge 


According to Corning, the ground effect factor may be calculated as: 


K - 1.005 +[0.00211 - 0.0003 (tt - 3) ] c 3 (A. 3) 

L ge 

where: c 3 * e H g^ (A. 4) 

H * Altitude/wlng span (A. 5) 

O 

A. 1.2 Hand Calculatio n 

Following is a hand calculation of the Corning Method for Airplane A, 
see Appendix C for data. 


ORIGINAL *AGE J& 
OF POOR QUALOT 
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The computations are for the following flight conditions: 


S. ' •*’ 

a * 4.9 (deg) 

A C.^ * 0.46 

6 f - 38 (deg) 

The calculation of the ground effect as a function of height is given in 
Table A.l . 


Height (ft) 

H/b 

|_ - 

S e . . 

C L 

ge 

A C L (%) 

30 

0.787 

1.009 

0.965 

0.5 

25 

0.656 

1.013 

0.967 

0.7 

20 

0.525 

1.020 

0.970 

1.0 

15 

0.393 

1.035 

0.978 

1.9 

10 

0.262 

1.065 

0.993 

3.4 

7.5 

0.197 

' 1.089 

1.005 

4.7 

5 

0.131 

1.123 

1.022 

6.5 

2.5 

0.066 

1.232 

1.076 

12.1 


Table A.l: Calculation of Ground Effect for Corning Method 

A. 2 PERKINS AND HAGE METHOD (Ref. A. 2) 

A. 2.1 DESCRIPTION OF METHOD 

This change in wing-lift is brought about by a change in the wing 
lift-curve slope. Figure A.l shows the effect of ground proximity on wing 
lift curve slope. The factor k is the ratio of wing lift-curve slope in 
ground effect to the slope out of ground effect. Height is given by the 
height of the root quarter chord in semispans. 
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Ftgure A.l: Effect of Ground Proximity on Wing Lift-Curve Slope 


The change in wing angle of attack due to the ground effect may be approximated 
as: 

A a 30 a_ - a (A. 6 ) 


or: 


A a 


a - a 
g oge 

w (-/- - 1 ) 


(A. 7) 


Introducing the wing lift curve slope: 


A a -( 7 ^ 
L 


a / oge 


a oge , 
°L 




(A. 8 ) 


or: 


A a 


where : 


a. 


• (l/k - 1) 


q p g e is given in Figure A.l 


(A. 9) 


g 

Now that the change in angle of attack is known, the revised lift-coefficient 
may be found as shown in Figure A. 2. 
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figure A. 2: Ground Effect on Lift-Curve 


A -, 2 -.?. HAND CALCULATION 

The following data are available for Airplane A (see appendix D) 

C T = 0.96 (At V = 1.3 V s ) 

Li 

C L = 4.870 rad" 1 
a 

oge 

The factor k is found from Figure A.l. The calculations are given 
in Table A, 2 . 


Height (ft) 

h/tb/2) 

k 

Aa (deg) 

c L 

AC L (%) 

30 

1-57 

1.014 

-0.16 

0.974 

1.4 

25 

1.31 

1.021 

-0.23 

0.980 

2.0 

20 

1.05 

1.029 

-0.32 

0.987 

2.8 

15 

0.79 

1.040 

-0.43 

0.997 

3.8 

10 

0.52 

1.065 

-0.69 

1.019 

6.1 

7.5 

0.39 

1.082 

-0.86 

1.033 

7.6 

5 

0.26 

1.116 

-1.17 

1.059 

10.4 


Table A. 2: Calculation by Perkins and Hage Method 
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A. 3. DATCOM METHOD (Reference A. 3) 


A . 3 . 1 DESCRIPTION OF METHOD 


This method takes into account the effect of the image trailing 
vortex, of the image bound vortex and of the wing flap. The change in 
wing-body angle of attack at a constant lift coefficient due to ground 
effect with respect to the out of ground effect lift curve is given by: 


(A a) q - 

(C. ) r 
f WB 



(A. 10) 


where : 


(C L > 

L f WB 


is the wing-body lift coefficient including flap 
effects, out of ground effect. 


x 


accounts for the effect on lift due to the image 
trailing vortex and is obtained fca® Figure A, 3* 


a WB 


is the wing-body lift-curve slope, per degree out 
of ground effect. 


L 

L 


o 


- 1 


accounts for the effects on lift due to the image 
bound vortex, obtained from Figure A. 4. 


r 


< AC L> 


flap 


accounts for the effect of finite span is obtained 
from Figure A. 5. 

is an empirical factor to account for the effect of 
flaps and is obtained from Figure A. 6. 


A . 3 . 2 HAND CALCULATION 

For Airplane A (See Appendix G) the following flight condition was 
computed : 

- 38 deg 

For the sake of simplicity, H (Height of quarter chord point of wing mac 

above ground) , h , , ( (eight of quarter chord point of wing root chord 
c r ' 4 

above ground and h (average height of quarter chord point at 75% of wing 

span and of root chord) are assumed to have the same (variable) value. 

A, 5 




O «0 T <1 ° 

** *** H 

Figure A* 3: Effect of Trailing Vortex on Lift in Ground Effect 



Figure A. 4: Effect of Bound Vortex on Lift In Ground Effect 

A. 6 
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Figure A. 6; Effect of Flepe on Lift In Ground Effect 
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Table A. 3 shows the calculations 


H 

h/c r 

h/b/2 


B 

r 


A cig 

B 


25 

2.77 

1 

1.31 

— 

— 

— 

— 

— 

0.96 

0 

20 

2.22 

1.05 

0.08 

-0.06 

0.40 

0 

0.5 

0.92 

-4.2 

15 

1.66 

0.79 

0.14 

-0.06 

0.48 

0 

-0.22 

0.941 

-2.0 

10 

1.11 

0.52 

0.25 

-0.04 

0.61 

0 

-0.60 

1.011 


: 

5 

0.55 

0.26 

0.49 

+0.03 

0.77 

-0.045 

-1.72 

1.106 

15.2 

3 

0.33 

0.16 

0.64 

+0.145 

0.86 

-0.075 

-2.98 

1.213 

26.4 


Table A. 3: Calculation of Datcom Method. 


A. 4. TORENBEEK METHOD (Reference A. 4) 

A. 4.1 DESCRIPTION OF METHOD 

A description of this method is given in Chapter 4. 

A. 4. 2 HAND CALCULATION 

A hand calculation was done for Airplane A (See Appendix D) for the 
following conditions: 

C. - 0.96 

oge 

C,. - 2.326ft. 

flap 

6^ * 38 deg 

Calculations are given in Table A. 4. 
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Height 

ft 

2h eff /b 

h/cg 

S 

a 

C L 

A C T 
% L 

45 

2.32 

6.53 

0.206 

0.0088 

0.960 

0.03 

40 

2.06 

5.80 

0.230 

0.0133 

0.961 

0.11 

35 

1.80 

5.08 

0.259 

0.0203 

0.962 

0.24 

30 

1.54 

4.35 

0.296 

0.0316 

0.964 

0.46 

25 

1.27 

3.63 

0.346 

0.0508 

0.968 

0.84 

20 

1.01 

2.90 

0.411 

0.0822 

0.974 

1.48 

15 

0.75 

2.18 

0.500 

0.1369 

0.985 

2.57 

10 

0.49 

1.45 

0.624 

0.2384 

1.003 

4.51 

5 

0.22 

0.73 

0.804 

0.4606 

1.046 

8.92 

3 

0.12 

0.44 

0.887 

0.6147 

1.094 

13.94 


Table A. 4: Calculation of Torenbeek Method. 


A. 5 CONCLUSIONS 

Figure A. 7 shows the results of the calculations in this appendix. 

The general trend for all four methods is the same although the datcom 
method shows a rather large deviation from the other three. Also the 
datcom method is the most complicated method, it involves the use of 
four graphs. The simplest method is the Corning method, as it only involves 
two formulas. Next comes the Perkins and Hage Method, this involves the 
use of one graph. Hard data on ground effect for general aviation are rare. 
Since the method of Torenb^-ik is based on a sound theoretical principle 
(an image vortex system) it was decided to use this method. 
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Figure A. 7: Comparison of Ground Effect Methods 
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APPENDIX B 


FUNCTION RDP - A FUNCTION SUB-PROGRAM FOR INTERPOLATING 

CURVES AND GRAPHS 


B.l INTRODUCTION 

Function RDP was written to provide a program which would 
interpolate along curves, between curves, ana between graphs for 
arbitrary curves and graphs. RDP requires the input of a number 
of points along the curves; the points are used in conjunction with 
the Lagrangian interpolating polynomial to interpolate .long the 
curves. RDP interpolates linearly between curves and graphs. If 
Lagrangian interpolation is needed in interpolating between curves 
and graphs, RDP can be called more than once, using only the 
Lagrangian part. 

RDP can be used for any number of curves and graphs; from 
one curve on one graph to "n" curves per graph and "m" graphs. 

RDP was checked out quite extensively. The initial checks 
and those done when RDP was called in a subroutine indicate that 
RDP works well with very little error. 

B.2 DESCRIPTION OF THE PROGRAM AND LISTING 

RDP is a Function, called in the form: 

B - RDP (U, V, W, JK, IJ, KL, LM. UU, W, WW, DD) 
where : 

U is the numerical value of graph parameter 

V is the numerical value of curve parameter 

W is the numerical value of X-coordinate 

parameter 


B.l 





JK is the number of graphs 

IJ is the number of curves per graph 

KL is the number of data points (X,Y pairs) 

input per curve 

LM is the number of rows in the DD array 

UU is the array of actual graph parameters 

W is the array of actual curve parameters 

WW is the array of X-coordinates at which 

Y-values were taken 

DD is the array of Y- values in the form: 


dd - 


GRAPH #1 


KL 


KL + 1 


GRAPH #2 


2KL 


2KL + X 


GRAPH #JK 


JX*KL 


CURVE #1 CURVE #2 

t * 


CURVE /IJ 


DD 


1.1 


DD, 


KL,1 


l.’IJ 


DD_ __ 

^ KL t IJ 


DD. 


NOTE: These are listed in the calling statement as numbers. 

Example: B * RDP (U, V, W, 1, 1, 4, 4, UU, W, WW) 

where: JK * IJ ■ 1 
KL * LM * 4 

The other variables are initialized by data statements in the 
main program. 
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10 

20 

40 

260 

270 

280 

290 

295 

296 

297 
300 
310 
320 
330 

340 

341 

342 

343 

344 
350 
385 
390 
393 
396 
400 
410 
415 
420 
430 
440 
445 
450 
455 
460 
465 
470 

480 

481 

482 

550 

551 
560 
570 
580 
630 
650 
660 
680 
690 
700 
710 
720 
730 


FUNCTION RDP(U,V,W,JK,IJ,Kl,LM,UU,VV,WW,DD) 

DIMENSION UU(JK),VV(IJ) ,WW (KL) ,DD (LM, I J ' ,000(4) 

IF(IJ.EQ.1)G0 TO 8 

00 1 1*1, IJ 

J=I 

K=J + 1 

IF(VVCJ) .LE.V.AND.VV(K) .GE.V)GO TO 2 

1 CONTINUE 

8 J=1 

2 IF(JK.EQ.1)G0 TO 9 
00 3 L=1 ,JK 

M=L 

N=M+1 

I F ( UU ( r i) .LE.U.AND.UU(N) .GE.U)GO TO 4 

3 CONTINUE 

9 H=1 

4 MN=4 

IF(JK.£Q.1)MN=2 
IF(JK.EQ.1.AN0.IJ.EQ.1)MN=1 
00 5 11=1, MN 
SUH=0. 

DO 6 KK*1,KL 
AA=1 . 

BB=1 . 

00 7 LL=1,KL 

IF(KK.NE.LL) AA=AA*(W-WW(LL)) 

Z=WW(KK)-WU(LL) 

IF(Z.NE.O.)BB=BB*Z 
7 CONTINUE 

IF(II.EQ.1.0R.II.EQ.2)MM=KK-KL+KL*M 
I F < 1 1 .EQ.3.0R. II.EQ.4) MM=KK +KL *H 
IF(II.EQ.1.0R. II .EQ.3)E=D0(MH, J) 

IF (II. EQ. 2. OR. II.EQ.4) E=DD(W,K) 

SUM=SUM+E*AA/BB 
6 CONTINUE 
DODCII )=SUH 

5 CONTINUE 

IFdJ .EQ.1 .AND . JK.NE.1 )G0 TO 11 
IFdJ . EQ.1 .AND .JK.EQ. 1 )G0 TO 13 

01=000(2) -((VV(K)-V)*(D00(2) -000 (1))/(VV(K)-W(J))) 
IF(JK.EQ.1)G0 TO 10 

02=000(4 )-((VV(K)-V)*( 000(4)-000(3) )/(VV(K)-W(J))) 

12 D=02-((UU(N)-U)*(02-01)/(UU(N)-UU(N-1))) 

RDP=0 

GO TO 14 
IJ R0P=01 
GO TO 14 
11 01 = 000 ( 1 ) 

02 = 000 ( 2 ) 

GO TO 12 

13 RDP=OOD (1 ) 

14 RETURN 
END 


Figure B.l: Lifting of Function "RDF" 
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APPENDIX C 


DATA FOR TEST-AIRPLANES 


This Appendix presents data for a variety of airplanes that 
were used for checking the subroutines discussed in the foregoing 
chapters. The example airplanes range from a small single engine 
high-wing propeller-driven trainer airplane to a twin jet-engine 
business airplane. The data were assembled from a variety of sources. 
Also included in this Appendix are three-views of the aircraft 
considered . 
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figure C.2: Threevlev of Airplane B 
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Figure C.3: Threevlev of Airplane C 
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TABLE C.l. AIRPLANE DATA 


WING 

A 

B 

C 

D 

Dimension 

AR 

w 

5.74 

7.72 

7.27 

5.08 


b v 

38.13 

36.75 

35.98 

26.25 

fc 

c * 

°v 

6.131 

5.443 

5.44 

6.709 

rad” 1 

c 

w 

6.896 

4.91 

4.96 

5.4 

ft 

c 

T 


5.58 

6.0 


ft 

c 

t 


4 

3.32 


ft 

(c T ) 

C.L. 

9.02 

5.81 

6.39 

7.06 

ft 

i 

w 


1.5 

2 


deg 

*c/ 4 

w 


8.66 

9.13 

9.37 

ft 

S 

w 

253.3 

175 

178 

135.62 

ft 2 

Z 

w 

1.61 

-2.9 

-.02 

4.44 

ft 

a 

0 

w 

-1 

-1.8 

-3.1 


deg 

r 

w 

2.5 


5 

-6.4 

deg 

^c/4 

w 

13 

-3 

-2.5 

15.5 

deg 

\ 

w 

.564 

.727 

.513 

.465 



HOR. TAIL 

A 

B 

C 

D 

Dimension 

AR H 

4 

3.61 

4.8 

4.64 


b H 

14.7 

13 

12.5 

12.99 

ft 

C } 

6.303 

6.254 

6.25 

6.245 

rad 1 
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TABLE C.l. AIRPLANE DATA 


HOR. TAIL 
(Cont’d) 

A 

B 

C 

D 

Dimension 

S H 

3.83 

3.605 

2.7 

2.94 

ft 

( S } 
h c.l. 

5 

4.58 

3.4 

3.88 

ft 

**8 

8.12 


2.34 


ft 



14.42 

13.76 


ft 

S H 

54 

46.8 

32.55 

36.36 

rh 

rr 

ro 

(t/=) H 


.09 




‘H 

mac 

1.61 



.95 

ft 

2 h 


-1.4 



ft 

\ 

0 

0 

0 


deg 

A c/4 

V 

25 

0 

8 

14.33 

deg 

X H 

.469 

.574 

.514 

.442 


^TE 


6 



deg 


VERT. TAIL 

A 

B 

C 

D 

Dimension 


.782 



1.32 


b v 

5.48 



5.25 

ft 

C * 

6.303 



6.245 

rad~* 

°V 






I a 

7.17 



4.34 

ft 


C.6 




TABLE C.l. AIRPLANE DATA 


VERT. TAIL A B C D Dimension 

(Cont’d) 



CONTRL. SURF. 


5 a 

max 

18 up 
18 down 

6 r 

max 

30 right 
30 left 

c A /E w 

.22 

c r /5 v 

o 

CM 

• 

"l 

V 

0 

O 

< 

.778 

\ 

.544 

o 

> 

.792 


B C 

22 up 18 up 

14 down 14 down 

25 right 22 right 

25 left 20 left 


D Dimension 

deg 

deg 
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TABLE C.l. AIRPLANE DATA 


CNTRL. SURF. 
(Cont'd) . 

A 

B 

C 

D 

Dimension 

*h 

-8.1 to 1 

-3.25 

N.A. 


deg 

5 e 

min 

-15 




deg 

6 e 

max 

15 




deg 

V C H 

.262 





C 8 ap /5 H 


.005 




c b /c £ 


.054 




C h /5 H 


.754 





Vs, 


POWER PLANT 

A 

B 

C 

D 

Dimension 

b/0.3 

N.A. 

.0693 

.0693 

N.A. 


b/0.6 

N.A. 

.0820 

.082 

N.A. 


b/0.6 

N.A. 

.0682 

.0682 

N.A. 


D 

N.A. 

6.75 

6.0 


ft 

P 






i T 


-3.5 

0 


deg 

N 

2 

1 

2 

1 
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TABLE C.l. AIRPLANE DATA 


POWER PLANT 
(Cont'd) 

A 

B 

C 

D 

Dimension 

N b 

N.A. 

2 

2 

N.A. 


y T 


0 

5.61 


£t 

Z T 


1 

NO 

Ui 

-.869 


ft 

S .75 


20 

21.5 


deg 

X' 

P 


7.68 

6.0 


ft 

X 

nac 


0 

2.6 


ft 

X 

p 



5.26 



T 



965.0 



FUSELAGE 

A 

B 

C 

D 

Dimension 


*B 

46.19 

26.11 

24.16 

30.44 

ft 

D f 

5.1 

4.7 

4.08 

5.56 

ft 

h 

c 

5.1 

4.7 

4.08 


ft 

w 

c 

5.1 

4.7 

4.08 


ft 

l 

n 

10.02 


9.13 


ft 

b 

c 



4 
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TABLE C.l. AIRPLANE DATA 


MISCELLANEOUS ABC D Dimension 


w 

g 

17,000 

z 

s 


Z HT 


c L 

5.114 

a 


C L 

1.35 


max 


3100 3600 

-.8 

-1.67 


lbs 

ft 


rad 


-1 
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TABLE C.l. AIRPLANE DATA 


AIRPLANE 

E 

F 

G 

H 

SWPLE (rad) 

0.0 

0 

0 

.052 

SWPEV (rad) 

0.745 

.72 

.44 


SWPLEH (rad) 

0.13 

.28 

.13 

.349 

Engine Diam. (ft) 

3.0 

1.5 

1.25 

1.5 

Nacelle Length (ft) 

4.5 

4.5 

11.81 

12.3 

RELP 

0.057 

.122 

.369 

.25 

RELR 

0.0 

.38 

.38 

.38 

ZCGVER (ft) 

0.0 

2.5 

0 

0 

CGLG (ft) 

3.0 

4.17 

7.62 

6.43 

ZCGWING (ft) 

-1.5 

.758 

-1.67 

0 

Fuel Density (16/ f t 

5.87 

5.85 

5.87 

6.6 

Wt. per Pass, (lb) 

170 

220 

263 

160 

Fuel Tank Span (ft) 

0.197 

.5 

0 

.654 

TCR 

0.12 

.13 

.12 

0.18 

TCT 

0.12 

.13 

.12 

A 1 A 
U.14 

WC 

3.33 

3.75 

3.33 

3.33 

Tip T. Lgth. (ft) 

0.0 

0.0 

0.0 

6.0 

Diam. (ft) 

0.0 

0.0 

0.0 

2.37 

YCGTIP (ft) 

0.0 

0.0 

0.0 

6.5 

PAX 

1.0 

3.0 

9 

16.0 

WAS 

0.0 

.8 

.6 0 1 

20 

WS 

18.0 

2.0 

2 

16 

PS (ft) 

0.0 

3.7 

2.5 

28 

XPILOT (ft) 

5.5 

8.08 

8.94 

12.92 

ELTIP 

0 

0 

0 

17.0 

SAB 

2 

2 

2 

2 
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TABLE C.l. AIRPLANE DATA 


AIRPLANE 

E 

F 


G 

H 

TOT (lbs) 

33 

84 

128 

186.6 

WVT (lbs) 

18 

44 


79 

84 

WW (lbs) 

207 

320 

1001 

1193 

WP Ubs) 

270 

509 

1861 

1576.6 

WEP (lbs) 

200 

320 

1478 


WB (lbs) 

185 

10 


2 

2372.4 

WBT (lbs) 

326 

681 

2200 

948 

WLG (lbs) 

114 

195 

766 

275 

WTIP (lbs) 

0.0 

0.0 


0 

0 

WFW (lbs) 

158 

312 

1574 

1715 

WFTP (lbs) 

0.0 

0.0 


0 

764 

Wing Span (ft) 

32.71 

33.0 


46.67 

45.88 

Hor. Span (ft) 

9.99 

13.46 


20.08 

22.38 

Vert. Span (ft) 

4.59 

5.17 


8.79 

7.57 

Eng. Span/Wing Span 

0.0 

0.0 


.327 

.28 

CRCLW (ft) 

5.64 

6.1 


8.95 

9.46 

CTW (ft) 

3.95 

3.01 


2.862 

3.55 

CRCLHT (ft) 

3.66 

3.89 


4.83 

5.87 

CTHT (ft) 

2.05 

1.42 


2.15 

2.96 

CRCLVT (ft) 

4.08 

6.64 


7 ,55 

9.46 

CTVT (ft) 

2.04 

1.77 


3.08 

3.55 

Fus. Length (ft) 

20.31 

24.67 


44.35 

43.52 

2 

Fuse Wetted area (ft) 

151.4 

250 

630 

650 

Av. DIam. (ft) 

4.0 

4 


5.1 

6.03 

ELCG (ft) 

5.38 

8.55 


18.28 

16.7 

ELWING (ft) 

5.87 

9.83 


19.12 

17.98 

ELCGH (ft) 

18.22 

22.31 


41.21 

39.97 

ELCGV (ft) 

19.16 

21.42 


39.39 

39.26 

YCGWNG (ft) 

5.89 

5.99 


7.7 

3.03 

YCGHOR (ft) 

0.0 

0 


0 

0 

YCGENG (ft) 

0.0 

0 


7.62 

6.43 


C.12 





APPENDIX D 


DYNAMIC STABILITY COMPUTER PROGRAM 


This appendix presents a listing of a modified computer program 
for the computation of the Longitudinal and Lateral-Directional 
Dynamic Stability characteristics of a given airplane. The program 
is fully documented in reference D.l. 

REFERENCES 

D.l. Postay, M. A Computer Program for Determining Open and 

Closed Loop Dynamic Stability Characteristic? 
of Airplanes and Control Systems. 

Kansas University, Aerospace Dept. May 1973. 
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